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ABSTRACT 

We present point-source catalogs for the sa 2 Ms exposure of the Chandra Deep Field-North, currently the 
deepest X-ray observation of the Universe in the 0.5-8.0 keV band. Five hundred and three (503) X-ray sources 
are detected over an « 448 arcmin^ area in up to seven X-ray bands. Twenty (20) of these X-ray sources lie in 
the central ~ 5.3 arcmin Hubble Deep Field-North (13600_3oo() sources deg^ ). The on-axis sensitivity limits 
are « 2.5 x 10"'^ erg cm~^ s"' (0.5-2.0 keV) and « L4 x lO""' erg cm"^ s"' (2-8 keV). Source positions 
are determined using matched-filter and centroiding techniques; the median positional uncertainty is w 0"3. The 
X-ray colors of the detected sources indicate a broad variety of source types, although absorbed AGNs (including a 
small number of possible Compton-thick sources) are clearly the dominant type. We also match lower significance 
X-ray sources to optical counterparts and provide a list of 79 optically bright (R ^ 23) lower significance Chandra 
sources. The majority of these sources appear to be starburst and normal galaxies. 

The average backgrounds in the 0.5-2.0 keV and 2-8 keV bands are 0.056 and 0.135 counts Ms^' pixel^', 
respectively. The background count distributions are very similar to Poisson distributions. We show that this 
w 2 Ms exposure is approximately photon limited in all seven X-ray bands for regions close to the aim point, 
and we predict that exposures up to w 25 Ms (0.5-2.0 keV) and sa 4 Ms (2-8 keV) should remain nearly photon 
limited. We demonstrate that this observation does not suffer from source confusion within w 6' of the aim point, 
and future observations are unlikely to be source-confusion limited within 3' of the aim point even for source 
densities exceeding 100,000 deg^^. These analyses directly show that Chandra can achieve significantly higher 
sensitivities in an efficient nearly photon-limited manner and be largely free of source confusion. 

To allow consistent comparisons, we have also produced point-source catalogs for the 1 Ms Chandra Deep 
Field-South (CDF-S). Three hundred and twenty-six (326) X-ray sources are included in the main Chandra cat- 
alog, and an additional 42 optically bright X-ray sources are included in a lower significance Chandra catalog. 
We find good agreement with the photometry of the previously published CDF-S catalogs; however, we provide 
significantly improved positional accuracy. 

Subject headings: diffuse radiation - surveys - cosmology: observations - galaxies: active - X-rays: galaxies - 
X-rays: general. 



1. INTRODUCTION 

One of the primary scientific goals behind the construction 
of the Chandra X-ray Observatory (hereafter Chandra; Weis- 
skopf et al. 2000) was to perform the deepest possible X-ray 
studies of the Universe. Great advances in this direction were 
made with the completion of two w 1 Ms surveys: the Chan- 
dra Deep Field-North (CDF-N; Brandt et al. 2001a, hereafter 
BOl), and the Chandra Deep Field-South (CDF-S; Giacconi 
et al. 2002, hereafter G02). These ultra-deep Chandra sur- 
veys resolve the bulk of the 0.5-8.0 keV background, providing 
the deepest views of the Universe in this band (e.g., Campana 
et al. 2001; Cowie et al. 2002; Rosati et al. 2002; Moretti 
etal. 2003). A broad variety of source types is detected, in- 
cluding (in approximately decreasing source-density order) ab- 
sorbed and unabsorbed Active Galactic Nuclei (AGN), starburst 
galaxies, normal galaxies, stars, galaxy groups, and galaxy 
clusters (see Brandt etal. 2002 and Hasinger etal. 2002 for re- 



views of the Chandra Deep Field results, and Barger et al. 2002 
and Szokoly et al. 2003 for the Chandra Deep Field optical cat- 
alogs and spectroscopy). 

These 1 Ms Chandra surveys are « 2 orders of magni- 
tude more sensitive in the 0.5-2.0 keV and 2-8 keV bands 
than any X-ray survey performed before the launch of Chan- 
dra and XMM-Newton (Jansen et al. 2000). They are also at 
least three times more sensitive than any other current Chan- 
dra or XMM-Newton survey (see Figure 1). With a small 
on-axis point-spread function (PSF) and low background, an 
ultra-deep Chandra observation is unlikely to be background 
or source-confusion limited, and longer Chandra exposures 
should achieve significantly higher sensitivities in an efficient 
nearly photon limited manner Since several analyses have 
suggested a steep rise in the number counts of X-ray sources 
around 0.5-2.0 keV fluxes of w (3-7) x 10"'^ erg cm"^ ^-i 
(e.g., Ptak et al. 2001; Hornschemeier et al. 2002; Miyaji & 
Griffiths 2002; Ranalli etal. 2003), longer Chandra exposures 
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should also detect significantly more sources. Achieving such 
sensitivities is one of the main goals of future X-ray observa- 
tories (e.g., XEUS and Genemtion-X). However, X-ray stack- 
ing analysis results have directly shown that Chandra can reach 
these flux levels with exposures of several Ms (e.g., Brandt 
etal. 2001c; Hornschemeier et al. 2002). 

The CDF-N was recently awarded a second « 1 Ms of Chan- 
dra exposure, bringing the total exposure in this field to ~ 2 Ms. 
In this paper we present two point-source catalogs derived from 
the full w 2 Ms exposure: a main catalog that includes high- 
significance Chandra sources and a supplementary catalog that 
includes lower significance Chandra sources that are matched 
to optically bright {R ^ 23) counterparts. We provide basic 
analyses of the detected sources; however, we defer detailed 
analyses to other papers. For instance, Barger et al. (2003a) and 
Hornschemeier etal. (2003) investigate the overall properties 
of the X-ray detected sources, Vignali etal. (2002a,b), Alexan- 
der etal. (2003), and Bauer etal. (2003) perform X-ray spec- 
tral analyses of various X-ray source populations, and Barger 
etal. (2003b) place constraints on the number of z > 5 AGNs. 
We also include analyses of the background and X-ray sensi- 
tivity across the field, determine the fraction of the field that 
is close to photon limited, and calculate the source-confusion 
limit. We use this information to discuss the prospects for 
longer Chandra exposures. In order to allow consistent com- 
parisons between the CDF-N and CDF-S observations, we have 
also produced point-source catalogs for the CDF-S (see the Ap- 
pendix). 

The CDF-N catalogs presented here supersede those pre- 
sented in BOl. The Galactic column density along this line 
of sight is (1.6±0.4)xl02'' cm-2 (Stark et al. 1992). The 
coordinates throughout this paper are J2000. The Hubble 
Deep Field-North (HDF-N; WilHams etal. 1996) lies close to 
the aim point of the CDF-N and is centered at a2ooo =12*^ 
36"" 49?4, 62000 = +62°12'58" (/ = 125?888, b = 54?828). 
Ho = 65 km s~^ Mpc~\ Q,m = 1/3, and Q,a = 2/3 are adopted. 

2. OBSERVATIONS AND DATA REDUCTION 

The observational procedure and data processing were simi- 
lar to those described in BOl. For completeness, we provide all 
of the details here. 

2.1. Observations and Observing Conditions 

The Advanced CCD Imaging Spectrometer (ACIS; Garmire 
et al. 2003) was used for all of the Chandra observations.^ 
ACIS consists of ten CCDs (each 1024 x 1024 pixels) designed 
for efficient X-ray detection and spectroscopy. Four of the 
CCDs (AClS-1; CCDs 10-13) are arranged in a 2 x 2 array 
with each CCD tipped slightly to approximate the curved fo- 
cal surface of the Chandra High Resolution Mirror Assembly 
(HRMA). The remaining six CCDs (ACIS-S; CCDs S0-S5) are 
set in a linear array and are tipped to approximate the Rowland 
circle of the objective gratings that can be inserted behind the 
HRMA. The CCD which lies on-axis in AClS-1 is 13. 

The full ACIS-I field of view is 16;9 x 16;9 (w 285 arcmin^), 
and the ACIS pixel size is w 0!'492. The PSF is smallest at the 
softest energies and for sources at small off-axis angles. For 

' For additional information on the ACIS and Chandra see the Chandra Proposers' Observatory Guide at http://cxc.harvard.edu/udocs/docs. 

^ Feigelson et al. (2000) is available at http://www.astro.psu.edu/xray/acis/memos/memoindex.html. 

^ For more information on the Very Faint mode see http://cxc.harvard.edu/udocs/vf.html and Vikhlinin (2001). 

TARA is available at http://www.astro.psu.edu/xray/docs. 
' See http://cxc.harvard.edu/ciao/ for details on ciao. 



instance, the 95% encircled-energy radius at 1.5 keV for off- 
axis angles of 0'-8' is w l"8-7"5 (Feigelson, Broos, & Gaffney 
2000; Jerius et al. 2000; M. Karovska and R Zhao 2001, private 
communication).^ The PSF is approximately circular at small 
off-axis angles, broadens and elongates at intermediate off-axis 
angles, and becomes complex at large off-axis angles. The four 
ACIS-I CCDs were operated in all of the 20 observations that 
comprise the 2 Ms exposure, while the ACIS-S CCD S2 was 
used for the first 12 observations. Due to its large off-axis an- 
gle, and consequently its low sensitivity, CCD S2 is not used in 
this analysis. 

The second 1 Ms of Chandra exposure consisted of eight 
separate observations taken between 2001 Nov 16 and 2002 Feb 
22. These eight new observations and the 12 observations that 
comprised the initial « 1 Ms exposure are described in Table 1. 
The HDF-N was placed near the aim point of the ACIS-I array 
for the majority of the observations. The eight new observa- 
tions were taken in Very Faint mode to improve the screening 
of background events and thus increase the sensitivity of ACIS 
in detecting faint X-ray sources.^ The focal-plane temperature 
was — 120° C for all of the eight new observations. 

The background light curves for all 20 observations were in- 
spected using EVENT BROWSER in the Tools for ACIS Real- 
time Analysis (tara; Broos et al. 2000) software package.'* 
All but two are free from strong flaring due to "space weather" 
and are stable to within k, 20%. The two observations with sub- 
stantial flaring are 2344 and 3389. Due to high solar activity, the 
background was ^ 2 times higher than nominal for w 2.5 ks of 
observation 2344, and these data have been removed. The back- 
ground rose dramatically toward the end of observation 3389, 
and the observation was cut short; « 17.0 ks of the data at the 
end of this observation have been removed. The total exposure 
time for the 20 observations is 1.945 Ms. 

Due to the different pointings required to keep the HDF-N 
near the aim point and the roll constraints of Chandra, the to- 
tal region covered by these 20 observations is 447.8 arcmin^, 
considerably larger than the AClS-1 field of view. Combining 
the 20 observations, the average aim point weighted by expo- 
sure time is ttipoo = 12*' 36"" 45?7, 82000 = +62°13'58" (see 
Table 1). The aim points of the individual observations are sep- 
arated from the average aim point by lfl-3!8; most are within 
1 '.5 of the average aim point. Due to the two main roll angles 
employed througout these observations, and our requirement to 
keep the HDF-N close to the aim point, none of these observa- 
tions lies closer to the average aim point. 



2.2. Data Reduction 

The versions of the Chandra X-ray Center (hereafter CXC) 
pipeline software used for basic processing of the data are listed 
in Table 1 . The reduction and analysis of the data used Chandra 
Interactive Analysis of Observations (ciAO) Version 2.2.1 tools 
whenever possible;^ however, the TARA software package and 
custom software were also used extensively. 

All data were corrected for the radiation damage sustained 
by the CCDs during the first few months of Chandra operations 
using the Charge Transfer Inefficiency (CTI) correction proce- 
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dure of Townsley et al. (2000, 2002).* In addition to correcting 
partially for the positionally dependent grade distribution due to 
CTI effects, this procedure also partially corrects for quantum 
efficiency losses (see Townsley et al. 2000, 2002 for further 
details). 

All bad columns, bad pixels, and cosmic ray afterglows were 
removed using the "status" information in the event files, and 
we only used data taken during times within the CXC-generated 
good-time intervals. The CIAO tool acis_process_events 
was used to remove the standard pixel randomization and to 
identify potential background events for the observations taken 
in Very Faint mode. 

3. PRODUCTION OF THE POINT- SOURCE CATALOGS 

The production of the two point-source catalogs closely fol- 
lowed the procedure described in §3 of BOl. The main dif- 
ferences in the catalog production procedure used here are the 
use of a matched-filter technique to improve the accuracy of 
the X-ray source positions, the addition of a further three stan- 
dard source-detection bands, and the correlation of optically 
bright sources with lower significance Chandra sources; the lat- 
ter modification is only relevant for the supplementary optically 
bright Chandra source catalog. For completeness, we provide 
all of the catalog production details here. 

3.1. Image and Exposure Map Creation 

Each observation was registered to observation 3293 using 
7-19 X-ray sources (typically with >50 counts) detected within 
w 6' of the aim points in the individual observalions; observa- 
tion 3293 was chosen because it is one of the longest observa- 
tions and the raw coordinates are closely matched to the radio 
astrometric frame (see §3.3). Image registration was performed 
using the align_evt tool written by T. Aldcroft^; registration is 
accurate to within « 0"4. The Chandra sources used in the 
registration were identified with the sliding-ceU source detec- 
tion program CELLDETECT (Calderwood etal. 2001). 

We constructed images using both the standard ASCA grade 
set and the "restricted ACIS grade set" for seven standard 
bands: 0.5-8.0 keV (full band; FB), 0.5-2.0 keV (soft band; 
SB), 2-8 keV (hard band; HE), 0.5-1 keV (SBl), 1-2 keV 
(SB2), 2-4 keV (HBl), and 4-8 keV (HB2); see Table 2. The 
restricted ACIS grade set improves our ability to detect faint 
sources in some cases; see §2.1 in Brandt et al. (2001b). In 
Figures 2 and 3, we show the full-band raw and adaptively 
smoothed A5CA-grade images.^ The adaptively smoothed im- 
ages were not used for source detection, but they do show many 
of the detected X-ray sources more clearly than the raw im- 
ages. In Figure 4 we show a color composite of the adaptively 
smoothed 0.5-2.0 keV, 2-A keV, and 4-8 keV images. Soft 
sources appear red, moderately hard sources appear green, and 
the hardest sources appear blue. 

We constructed exposure maps in the seven standard bands. 
In Figure 5, we show the full-band exposure map.^ These were 
created following the basic procedure outlined in §3.2 of Hom- 
schemeier et al. (2001) and are normalized to the effective ex- 
posure of a source located at the aim point. Briefly, this proce- 
dure takes into account the effects of vignetting, gaps between 

* The software associated with the correction method of Townsley et al. (2000, 2002) is available at http://www.astro.psu.edu/users/townsley/cti/. 
^ Further information about the align.evt tool can be obtained from http://cxc.harvard.edu/cal/ASPECT/align_evt/. 

* Raw and adaptively smoothed ASCA-grade images for all of the seven standard bands (see Table 2) are available from http://www.astro.psu.edu/users/niel/hdf/hdf- 
chandra.html. 

' Exposure maps for all of the seven standard bands (see Table 2) are available from the World Wide Web site Usted in Footnote 8. 



the CCDs, bad column filtering, and bad pixel filtering. How- 
ever, it does not take into account the w 2-5% CCD "dead time" 
due to cosmic ray blooming since the magnitude of this effect 
is not well quantified. A photon index of F = 1.4, the slope 
of the X-ray background in the w 0.5-8.0 keV band (e.g., Mar- 
shaU et al. 1980; Gendreau et al. 1995; Kushino et al. 2002), was 
assumed in creating the exposure maps. These exposure maps 
need to be convolved with the background maps and off-axis 
angle dependent PSF to generate sensitivity maps; see §4.2. 

In Figure 6, we show a cumulative plot of the survey solid 
angle as a function of full-band effective exposure. Approxi- 
mately 51% (w 230 arcmin^) of the CDF-N field has > 1 Ms of 
effective exposure. 

3.2. Point-source Detection 

We extended the number of standard source-detection bands 
over that presented in BOl to seven. These detection bands 
were chosen to allow X-ray color analysis and the selection of 
sources in narrow X-ray bands; the latter can be useful for de- 
tecting weak sources that produce X-ray emission over a narrow 
energy band (e.g., the low-energy thermal emission from nor- 
mal galaxies, or AGNs with large equivalent width emission 
lines) and in comparing the rest-frame X-ray emission from 
sources at different redshifts (e.g., the rest-frame 1-2 keV emis- 
sion from a z 1 source is observed at 0.5-1.0 keV). Two 
source-detection grade sets were used: the "restricted ACIS 
grade set", and the "standard ASCA grade set" (see Table 2). 
All photometry is reported using the standard ASCA grade set. 

Point-source detection was performed in each band with 
WAVDETECT (Freeman et al. 2002) using a "a/2 sequence" of 
wavelet scales (i.e., 1, \/2, 2, 2\/2, 4, 4\/2, and 8 pixels). Previ- 
ous studies have shown that using larger scales can detect a few 
additional sources at large off-axis angles (see §3.2.2 in BOl). 
However, we have not searched for sources using larger scales 
here because the source properties and positions are too poorly 
defined to give useful results. Our key criterion for source de- 
tection is that a source must be found with a given false-positive 
probability threshold in at least one of the seven standard bands 
using either the standard ASCA or restricted ACIS grade sets. 
The chosen false-positive probabiUty thresholds in each band 
are 1 x 10^^ and 1 x 10~^ for the main source catalog and the 
supplementary optically bright source catalog, respectively. 

If we treat the 14 images (i.e., the seven A5CA-grade images 
and the seven restricted ACIS-grade images) searched as en- 
tirely independent, « 9 false sources are expected in the main 
Chandra source catalog for the case of a uniform background. 
As mentioned in BOl, due to the large variation in effective 
exposure time across the field and the increase in background 
near bright point sources (due to the PSF "wings"), we might 
expect the number of false sources to be increased by a factor 
of « 2-3. However, since WAVDETECT suppresses fluctuations 
on scales smaller than the PSF, a single pixel is unlikely to be 
considered a source detection cell, particularly at large off-axis 
angles. Hence, our false-source estimates are likely to be con- 
servative. Indeed, we argue in §3.4.1 that the true number of 
false sources is likely to be considerably lower than our predic- 
tions. We provide an estimation of the number of false sources 
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in the supplementary optically bright Chandra source catalog 
in §3.4.2. 

We also searched for sources in the 6-8 keV band. Al- 
though a few intrinsically hard X-ray sources were detected 
in this very hard band (12 sources had Y < 1.0), the bulk of 
the 34 detected sources were found to be bright X-ray sources 
with comparatively steep X-ray spectral slopes. Only one very 
faint source was detected in this band and not detected in all of 
the other bands (the source position is ttiooo = 12*^ 36™ 30.^5, 
§2000 = +62°19'26"); however, since 1 false source is for- 
mally expected in this band for a 1 x 10^^ false-positive prob- 
ability threshold, this source may not be real. We do not pro- 
vide counts and flux information for the sources detected in this 
band, but we do indicate the detected sources in column 13 of 
Table 3a (see §3.4.1). 



3.3. Astrometry 

We refined the absolute X-ray source positions by matching 
X-ray sources from the main point-source catalog (see §3.4.1) 
to 1.4 GHz radio sources detected by Richards (2000). The 240 
1.4 GHz sources detected across the CDF-N field have accu- 
rate ( ^ 0"3) individual positions, and the Richards (2000) ra- 
dio image is tied to the FK5 reference frame to an accuracy of 
0"03. The X-ray sources were matched to the radio sources us- 
ing a 2"5 search radius. One hundred (100) X-ray sources were 
found to have a radio counterpart (these sources are indicated in 
column 13 of Table 3a; see §3.4.1). The vast majority of these 
matches are expected to be correct, but « 2 are statistically ex- 
pected to be false matches. We also note that in some cases the 
X-ray source may be offset from the radio source even though 
both are associated with the same galaxy (e.g., a galaxy with a 
radio-emitting nuclear starburst that also has an off-nuclear ul- 
traluminous X-ray binary). From a comparison of the X-ray and 
radio source positions, we found small shift and plate-scale cor- 
rections. The plate-scale correction 0"35 every 12' in both 
right ascension (RA) and declination (Dec)] implies a « 0.05% 
adjustment to the pixel size; we found the same correction was 
required for the CDF-S observations (see the Appendix). These 
corrections have been applied to the X-ray source positions. 

We investigated the accuracy of the X-ray source positions 
using the 100 X-ray detected radio sources. In Figure 7 we 
show the positional offset between the X-ray and radio sources 
versus off-axis angle. The median offset is ~ 0"3; however, 
there are also clear off-axis angle and source-count dependen- 
cies. The off-axis angle dependence is due to the HRMA PSF 
becoming broad at large off-axis angles, while the count de- 
pendency is due to the difficulty of centroiding a faint X-ray 
source. The median offset of the bright X-ray sources (> 200 
fuU-band counts) is only ss 0"2, and almost all sources have off- 
sets within 0"5. The median offset of the faint X-ray sources 
(< 200 full-band counts) is w 0"4. However, some faint X- 
ray sources can have offsets as large as 1-2" at large off-axis 
angles; for these sources we verified that the radio ennission is 
not extended by visually inspecting the 1 .4 GHz image. Since 
the positional uncertainty of individual radio sources can be up 
to « 0"3, it is possible that the accuracy of the X-ray source 
positions is partially limited by the radio data. The positional 
uncertainty of each source is estimated following equations 1 & 
2 (see §3.4.1). 

ACis^XTRACT Can be accessed from http://www.astro.psu.edu/xray/docsAD 
see http://asc.harvard.edU/ciao2.2/documents.dictionary.html#psf. 



3.4. Point-source Catalogs 

3.4.1. Main Chandra Source Catalog 

We ran wavdetect with a false-positive probabiUty thresh- 
old of 1x10-^ on ah of the 14 images. The resulting source 
lists were then merged to create the point-source catalog given 
as Tables 3a and 3b. For cross-band matching, a matching ra- 
dius of 2 "5 was used for sources within 6' of the average aim 
point. For larger off-axis angles, a matching radius of 4"0 was 
used. These matching radii were chosen based on inspection of 
histograms showing the number of matches obtained as a func- 
tion of angular separation (see §2 of Boiler et al. 1998); with 
these radii the mismatch probabihty is « 1% over the entire 
field. 

We also used WAVDETECT to search the seven standard-band 
A5G4-grade images for lower-significance, cross-band coun- 
terparts to the highly significant sources already detected at 
the 1 X 10~^ level in at least one of the seven standard bands; 
in these runs we used a false-positive probability threshold of 
1 X 10-^ We found 195 additional cross-band counterparts in 
this manner. Since the spatial-matching requirement greatly re- 
duces the number of pixels being searched, only « 1 of these 
cross-band counterparts is expected to be false. 

We improved upon the WAVDETECT source positions using 
a matched-filter technique. This technique convolves the full- 
band image of each source with a combined PSF. The combined 
PSF is automatically generated as part of the acis.extract 
procedure (Broos et al. 2002) within TARA (see Footnote 4) and 
is produced by combining the theoretical PSF of a source for 
each observation, weighted by the number of detected counts. 
This technique takes into account of the fact that, due to the 
complex PSF at large off-axis angles, the peak of the X-ray 
emission does not always correspond to the X-ray source po- 
sition. The matched-filter technique provides a significant im- 
provement (« 0"1 on average) in the positional accuracy for 
sources further than 5' from the average aim-point. For smaUer 
off-axis angles there was no overall improvement, and the 
source positions were determined using a simple centroiding 
algorithm. 

Manual correction of the source properties and source posi- 
tions were required in some special cases. We manually sepa- 
rated five close doubles (2"5-3"5) and determined the position 
of each separated source. These sources incur larger photomet- 
ric errors due to the difficulty of the separation process. It was 
also necessary to perform manual photometry for 75 sources 
that were located close to bright sources, lay in regions of high 
background, or lay partially outside of the field. Finally, visual 
inspection of the X-ray source positions showed small offsets 
from the peak of the X-ray emission for 31 sources; we took 
into account of the fact that the peak of the X-ray emission does 
not always correspond to the X-ray source position for sources 
at large off-axis angles. The positions of these sources were ad- 
justed manually. We have flagged sources that required manual 
correction in column 13 of Table 3a (see below). 

The main Chandra source catalog is presented as Tables 3a 
and 3b. Table 3a provides the basic source properties: source 
position and uncertainty, source counts in each band, and ad- 
ditional notes. Details of the colunnns in Table 3a are given 
below. 

• Colunm 1 gives the source number. Sources are listed in 
e.users.guide.html. The theoretical PSFs are taken from the CXC PSF Ubrary; 
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order of increasing RA. 

• Columns 2 and 3 give the RA and Dec of the X- 
ray source, respectively. These positions have been 
determined using the procedure described above. To 
avoid truncation error, we quote the positions to 
higher precision than in the International Astronomi- 
cal Union approved names beginning with the acronym 
"CXO HDFN."ii 

• Column 4 gives the positional uncertainty. As shown 
in §3.3, the positional uncertainty is dependent on off- 
axis angle and the number of detected counts. For the 
brighter X-ray sources (> 200 full-band counts) the po- 
sitional uncertainties are given by the empirically deter- 
mined equation: 

0.3 e<5' 
[o.3 + (^) e>5' 

where A is the positional uncertainty in arcsec and 9 is 
the off-axis angle in arcmin (compare with Figure 7). 
The stated positional uncertainties are for 80-90% 
confidence (see also Barger etal. 2003a for analyses us- 
ing optical data), and the accuracy of our astrometric so- 
lution is discussed in §3.3. 

For the fainter X-ray sources (< 200 full-band counts) 
the positional uncertainties are given by the empirically 
determined equation: 

r 0.6 e<5' 

/ /X (2) 

I 0.6+ (II.) e>5' 

• Column 5 gives the off-axis angle for each source in ar- 
cminutes. This is calculated using the source position 
given in colunms 2 and 3 and the average aim point (see 
Table 1). 

• Columns 6-12 give the counts in the seven standard 
bands. All values are for the standard ASCA grade set, 
and they have not been corrected for vignetting. Source 
counts and la statistical errors (from Gehrels 1986) have 
been calculated using circular aperture photometry; ex- 
tensive testing showed this method to be more reliable 
than the wavdetect photometry. The circular aperture 
was centered at the position given in columns 2 and 3 for 
all bands. 

The local background is determined in an annulus out- 
side of the source-extraction region. The mean number 

of background counts per pixel is calculated from a Pois- 
son model using ^, where no is the number of pixels 
with counts and ni is the number of pixels with 1 count. 
Although only the numbers of pixels with and 1 counts 
are measured, this technique directly provides the mean 
background even when ni ^ no- This technique is more 

robust than "° , which is only applicable when the 

iu}^n 1 i-i- 
mean background is ^ 1 count pixel"'. Furthermore, by 
See http://cxc.harvard.edu/udocs/naming.html. 



ignoring all pixels with > 1 count, this technique guards 
against background contamination from sources. The 
principal requirement for using this technique is that the 
background follows a Poisson distribution; we show in 
§4.2 that the ACIS-I background matches this criterion. 
The total background for each source is calculated and 
subtracted to give the net number of source counts. 

For sources with fewer than 1000 full-band counts, we 
have chosen the aperture radii based on the encircled- 
energy function of the Chandra PSF as determined us- 
ing the CXC's MKPSF software (Feigelson et al. 2000; 
Jerius et al. 2000; M. Karovska and R Zhao 2001, pri- 
vate communication). In the softest bands (i.e., SB, SBl, 
and SB2), where the image quaUty is the best, the aper- 
ture radius was set to the 95% encircled-energy radius 
of the PSF. In the other bands, the 90% encircled-energy 
radius of the PSF was used. Appropriate aperture cor- 
rections were applied to the source counts. 

For sources with more than 1000 full -band counts, sys- 
tematic errors in the aperture corrections often exceed 
the expected errors from photon statistics when the 
apertures described in the previous paragraph are used. 
Therefore, for such sources we used larger apertures to 
minimize the importance of the aperture corrections; this 
is appropriate since these bright sources dominate over 
the background. We set the aperture radii to be twice 
those used in the previous paragraph and manually in- 
spected these sources to verify that the measurements 
were not contaminated by neighboring objects. 

We have performed several consistency checks to ver- 
ify the quality of the photometry. For example, we have 
checked that the sum of the counts measured in the soft 
and hard bands does not differ from the counts measured 
in the full band by an amount larger than that expected 
from measurement error (we also performed similar tests 
for SBl, SB2, HBl, and HB2). Systematic errors in our 
photometry are estimated to be ^4%. 

We have verified that the cosmic ray afterglow removal 
procedure (see §2.2) has not led to significant systematic 
photometric errors. Due to the low count rates of our 
sources, incident X-ray photons are almost never incor- 
rectly flagged as afterglow events. To guard against the 
possibility that some of the faintest X-ray sources are 
cosmic ray afterglows missed by the cosmic ray after- 
glow removal procedure, we inspected the photon arrival 
times of all of the X-ray sources with <10 counts in ei- 
ther the soft or hard band. None of the sources appeared 
to be a cosmic ray afterglow. 

When a source is not detected in a given band, an upper 
limit is calculated. All upper limits are determined using 
the circular apertures described above. When the num- 
ber of counts in the aperture is < 10, the upper limit is 
calculated using the Bayesian method of Kraft, Burrows, 
& Nousek(1991) for 99% confidence. The uniform prior 
used by these authors results in fairly conservative upper 
hmits (see Bickel 1992), and other reasonable choices of 
priors do not materially change our scientific results. For 
larger numbers of counts in the aperture, upper limits are 
calculated at the 3a level for Gaussian statistics. 
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• Column 13 gives notes on the sources. "H" denotes ob- 
jects lying in the HDF-N (see Figure 2). "O" refers 
to objects that have large cross-band positional offsets 
(> 2"5). All but one of these sources lie at off-axis an- 
gles of > 6', and the flagged counterpart may not be as- 
sociated with the main counterpart in some cases. "M" 
refers to sources where the photometry was performed 
manually. "S" refers to close-double sources where man- 
ual separation was required. "R" refers to radio-detected 
sources that were used in determining the astrometric ac- 
curacy (see §3.3). "HB3" refers to a detection in the 6- 
8 keV band. For further explanation of many of these 
notes, see the above text in this section on manual cor- 
rection of the WAVDETECT results. 

Table 3b provides additional source properties: effective expo- 
sure, band ratios, the effective photon index, and source fluxes. 
Details of the columns in Table 3b are given below. 

• Column 1 gives the source number (see column 1 of Ta- 
ble 3a for details). 

• Columns 2 and 3 give the RA and Dec of the X-ray 
source, respectively (see columns 2 and 3 of Table 3a 
for details). 

• Column 4 gives the effective exposure time derived from 
the full-band exposure map (see §3.1 for details on the 
exposure maps). Dividing the counts listed in columns 
6-12 of Table 3a by the effective exposure will provide 
vignetting-corrected count rates. 

• Column 5 gives the main band ratio, defined as the 
ratio of counts between the hard and soft bands (see 
columns 14-16 for descriptions of the other band ratios). 
Quoted band ratios have been corrected for differential 
vignetting between the hard band and soft band using the 
appropriate exposure maps. Errors for this quantity are 
calculated following the "numerical method" described 
in §1.7.3 of Lyons (1991); this avoids the failure of the 
standard approximate variance formula when the num- 
ber of counts is small (see §2.4.5 of Eadie et al. 1971). 
Note that the error distribution is not Gaussian when the 
number of counts is small. 

• Column 6 gives the effective photon index (F) for a 
power-law model with the Galactic column density, tak- 
ing into account the continuous ACIS quantum effi- 
ciency degradation described in columns 7-13. The ef- 
fective photon index has been calculated based on the 
band ratio in column 5 when the number of counts is not 
low. 

A source with a low number of counts is defined as be- 
ing (1) detected in the soft band with < 30 counts and 
not detected in the hard band, (2) detected in the hard 
band with < 15 counts and not detected in the soft band, 
(3) detected in both the soft and hard bands, but with 
< 15 counts in each, or (4) detected only in the fuU band. 
When the number of counts is low, the photon index is 
poorly constrained and set to F = 1.4, a representative 
value for faint sources that should give reasonable fluxes. 

The IDL code for ACis AB s can be obtained from http://www.astro.psu.edu/usi 
for more information on the ACIS quantum efficiency degradation. 



• Columns 7-13 give observed-frame fluxes in the 
seven standard bands; fluxes are in units of 
10~^^ erg cm~^ s~^ Fluxes have been computed us- 
ing the counts in columns 6-12 of Table 3a, the ap- 
propriate exposure maps, and the spectral slopes given 
in column 6. The fluxes have not been corrected for ab- 
sorption by the Galaxy or material intrinsic to the source. 
For a power-law model with F = 1 .4, the soft-band and 
hard-band Galactic absorption corrections are w 4.2% 
and Ri 0.1%, respectively. 

X-ray spectral and variability analyses of the brighter X- 
ray sources have shown that many have complex X-ray 
spectra and vary significantly in X-ray count rate over 
the 20 observations (Bauer etal. 2003). More accurate 
fluxes for these sources would require direct fitting of 
the X-ray spectra for each observation, which is beyond 
the scope of this paper. 

It has been recently shown that there has been contin- 
uous degradation of the ACIS quantum efficiency since 
the launch of Chandra. This degradation is thought to 
be due to absorption caused by molecular contamination 
of the ACIS optical blocking filters. We have corrected 
the fluxes for this absorption using ACISABS version 1.1, 
taking into account the dates of each of the 20 observa- 
tions.'^ For a F = 1.4 source, the soft-band and hard- 
band corrections are « 10% and « 0%, respectively. 

• Columns 14-16 give additional band ratios. These are 

used to provide X-ray color information (see §4. 1). Band 
ratio 2 is defined as the ratio of counts between SB2 and 
SBl, band ratio 3 is defined as the ratio of counts be- 
tween HB2 and HBl, and band ratio 4 is defined as the 
ratio of counts between HBl and SB2. Errors for the 
band ratios have been calculated following the procedure 
given in column 5, and all quoted band ratios have been 
corrected for differential vignetting using the appropri- 
ate exposure maps (see §3.1). 

Many of the sources in Table 3 have been presented in earlier 
papers. The source properties given here supersede those pre- 
sented in earlier papers. 

In Table 4 we summarize the source detections in the seven 
standard bands. In total 503 independent point sources are de- 
tected; 20 (136001^2^ deg-2) of these he in the HDF-N. In 
Table 5 we summarize the number of sources detected in one 
band but not another. All but one of the sources are detected in 
either the full band or the soft band; the full-band and soft-band 
undetected source is detected in the hard band. 

In Figure 8 we show the distributions of detected counts in 
the full, soft and hard bands. The median number of full- 
band counts is « 100 which is sufficiently large for basic X- 
ray spectral analysis (see Bauer et al. 2003 for X-ray spectral 
analyses of the brightest X-ray sources in this field, Vignali 
et al. 2002a,b for X-ray spectral analyses of EROs and z > 4 
AGNs, and Alexander et al. 2003 for X-ray spectral analyses of 
X-ray detected bright submm sources). In Figure 9 we show the 
distribution of full-band effective exposure time. The median 
exposure time (1.7 Ms) shows that the majority of the sources 
have deep X-ray coverage. The two "bumps" at w 0.7 Ms and 
« 0.95 Ms are due to off-axis sources detected in regions only 

rtas/xcontdir/xconthtml. See http://cxc.harvard.edu/cal/Acis/Cal.prods/qeDeg/ 



2 MS CHANDRA POINT-SOURCE CATALOGS 



7 



covered by one of the two main roll angles (see Table 1). In Fig- 
ure 10 we show the distributions of X-ray flux in the full, soft, 
and hard bands. A broad range of X-ray fluxes is found, with 
w 50% of the sources having soft-band and hard-band fluxes 
of < 2 X 10"!^ erg cm~^ s"^and < 2 x 10" erg cm"^ s~\ 
respectively. 

In Figure 11 we show "postage-stamp" images in the full 
band for aU detected sources. The broad range of source sizes 
is primarily due to the broadening of the HRMA PSF with off- 
axis angle. A few of the sources appear to be resolved; in most 
cases this is an artifact of the complex Chandra off-axis PSF. 
In Figure 12a we plot the positions of the sources. This format 
removes the illusory effect produced by the changing PSF size 
across the field of view. The majority of the sources lie in the 
most sensitive region of the field (i.e., close to the average aim 
point). One hundred and thirty-eight (138) sources are newly 
detected in the 2 Ms Chandra exposure. Figure 12a shows that 
the new sources are detected over the majority of the field. 

Five of the 370 sources detected in the 1 Ms Chandra ex- 
posure are undetected here (see Table 6). The five undetected 
sources were weakly detected in the 1 Ms Chandra exposure: 
four sources were only detected with the restricted ACIS grade 
set and with < 15 full-band counts, while the other source (CX- 
OHDFN J123813.4+621134)had 32.9 full-band counts but lay 
at a large off-axis angle (« 10') and could have a significant 
contribution from background. Only one of these five sources 
(CXOHDFN J123633.8-I-621327) has an /? < 27 optical coun- 
terpart within 2" of the X-ray position (Barger etal. 2002; see 
Table 6). Such faint or absent optical counterparts raise the pos- 
sibiUty that some of these sources are false. We examined the 
source regions in the full, soft, and hard bands and found evi- 
dence for possible X-ray emission in two cases (see Table 6); 
however, in both cases the emission is not clearly distinct from 
the background. We also extracted the X-ray events within 1" 
of the position of each source. In four cases 0-2 counts were 
found for the second « 1 Ms exposure, and in one case 4 counts 
were found (CXOHDFN J123627.2H-621308). With the excep- 
tion of the latter case, the number of counts is similar to that 
expected from the background; however, we cannot rule out the 
possibility that these are variable or transient sources. Since 
we conservatively predicted 10-15 false X-ray sources in the 
1 Ms Chandra catalog, our results here may suggest that the 
true number of false sources is « 2-3 times lower than this. 

3.4.2. Supplementary Optically Bright Chandra Source 

Catalog 

Since the density of optically bright sources on the sky is 
comparatively low, we can search for X-ray counterparts to op- 
tically bright sources at a lower significance threshold than that 
used in the main Chandra source catalog without introducing 
many false sources (see §5.3 of Richards etal. 1998 for a simi- 
lar technique at radio frequencies). We ran wavdetect with a 
false-positive probability threshold of 1 x 10~^ on aU of the 14 
standard-band images. A basic lower significance Chandra cat- 
alog was produced containing 430 independent X-ray sources 
not present in the main Chandra source catalog. Many of these 
sources are likely to be false; however, we can extract a large 
number of real sources by matching to opticaUy bright counter- 
parts. 

We used the Liu et al. (1999) ^-band images in the construc- 
tion of our optical source catalog. These images are relatively 
shallow (a 3a magnitude limit of R « 23.1); however, they 



cover the entire area of the CDF-N, and deep optical images are 
not required for this catalog. An optical source list of w 3,400 
sources was generated using the sextractor photometry tool 
(Bertin & Amouts 1996), assuming the "Best" magnitude crite- 
ria. We searched for X-ray counterparts to these optical sources 
using a matching radius of 1"5. A false-matching probability 
was calculated based on the density of optical sources down to 
the magnitude of each source. The ^-band number counts used 
in determining this false-matching probability were derived di- 
rectly from the Liu et al. (1999) data. In the limited region of 
overlap, the number counts were found to be consistent with 
those of Hogg et al. (1997). A "boosted" X-ray significance 
was then determined by multiplying this false-matching proba- 
bility with the 1 X 10~^ false-positive threshold used to define 
the lower significance catalog. Only sources with a boosted X- 
ray significance of < 1 .5 x 10^^ are included in the supplemen- 
tary optically bright Chandra source catalog; this significance 
level threshold was empirically chosen to provide a good bal- 
ance between the number of detected sources and the number 
of false sources. 

In total 74 optically bright X-ray sources met this criterion. 
We estimated the expected number of false matches by offset- 
ting the X-ray source coordinates in RA and Dec by 5" (both 
positive and negative shifts) and re-correlating with the optical 
sources. On average ~ 8 matches were found to the « 3,400 
optical sources with these tests, demonstrating that the vast ma- 
jority of the 74 X-ray matches are real; considering the optical 
source density, the search radius, and the total number of X-ray 
sources used in the matching, f» 6 false matches are expected. 
We also included five R<2\ sources where the X-ray source 
lay 1"5-10"0 from the centroid of the optical source but was 
still within the extent of the optical emission. The X-ray coun- 
terparts for these sources may be off-nuclear X-ray binaries or 
star forming regions. Since these five sources were identified 
in a somewhat subjective manner, it is not meaningful to deter- 
mine a false-matching probability. These sources are indicated 
in column 18 of Table 7a. Thus the supplementary optically 
bright Chandra source catalog contains 79 sources. 

As for the main Chandra source catalog, the supplementary 
optically bright Chandra source catalog is divided into two ta- 
bles (Tables 7a and 7b). The format of Table 7a (basic source 
properties) is similar to that of Table 3 a, with the properties of 
the optical counterparts and the probabilities of a false match 
also included. Details of the columns in Table 7a are given be- 
low. 

• Column 1 gives the source number (see colurmi 1 of Ta- 
ble 3a for details). 

• Columns 2 and 3 give the RA and Dec of the X-ray 

source, respectively. The WAVDETECT positions are 
given for these faint X-ray sources. Whenever possi- 
ble, we quote the position determined in the full band; 
when a source is not detected in the fuU band we use, in 
order of priority, the soft-band position, hard-band posi- 
tion, SBl position, SB2 position, HBl position, or HB2 
position. The priority ordering of position choices above 
was designed to maximize the signal-to-noise of the data 
being used for positional determination. To avoid trun- 
cation error, we quote the positions to higher precision 
than in the International Astronomical Union approved 
names beginning with the acronym "CXO HDFN" (see 
Footnote 11). 
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• Column 4 gives the positional uncertainty in arcseconds. 
For these faint X-ray sources the positional uncertainty 
corresponds to 1 "2, the 90th percentile of the average 
optical-X-ray positional offsets given in column 15. 

• Column 5 gives the off-axis angle for each source in ar- 
cminutes (see colunm 5 of Table 3a for details). 

• Columns 6-12 give the counts in the seven standard 
bands. The photometry is taken directly from WAVDE- 
TECT for these faint X-ray sources. 

• Colunms 13 and 14 give the RA and Dec of the optical 
source centroid, respectively. 

• Column 15 gives the offset between the optical and X- 

ray sources in arcseconds. 

• Column 16 gives the ^-band magnitude of the optical 
source (Vega-based photometric system). 

• Colunm 17 gives the false-match probability described 
above. This should be multiplied by 10~^ to calculate 
the boosted X-ray significance. 

• Column 18 gives notes on the sources. With the excep- 
tion of the additional note given below, the key for these 
notes is given in column 13 of Table 3a. "L" refers to 
objects where the X-ray source lies > 1 "5 from the cen- 
troid of the optical source but is still within the extent of 
the optical emission (see the text above for further dis- 
cussion). 

The format of Table 7b (additional source properties) is similar 
to that of Table 3b. However, since these are very faint X-ray 
sources, the band ratios and photon indices are not calculated 
(F = 2.0 is assumed when calculating the source fluxes below). 
Details of the columns in Table 7b are given below. 

• Column 1 gives the source number (see colunm 1 of Ta- 
ble 3a for details). 

• Columns 2 and 3 give the RA and Dec of the X-ray 
source, respectively (see colunms 2 and 3 of Table 7a 
for details). 

• Column 4 gives the effective exposure time derived 
from the full-band exposure map (see §3.1 for details 
of the exposure maps). Dividing by the counts listed in 
columns 6-1 2 of Table 7a by the effective exposure will 
provide vignelling-corrected count rates. 

• Columns 5-1 1 give observed-frame fluxes in the seven 
standard bands; fluxes are in units of 10^'^ erg cm^^ s^' 
and have been calculated assuming F = 2.0 (see the 
stacking results below). The fluxes have not been cor- 
rected for absorption by the Galaxy or material intrinsic 
to the source; however, the fluxes have been adjusted 
to take into account the continuous ACIS quantum effi- 
ciency degradation. See columns 7-13 of Table 3b for 
further details. 

The properties of the 79 sources in Table 7 are more homoge- 
neous than those of the sources in Table 3, probably due to the 
optical selection criteria. As expected, all of the 79 sources are 
X-ray faint (all sources have < 30 soft-band counts, and aU but 



two sources have soft-band fluxes of < 10^'^ erg cm^^ s^'), 
and the majority lie in the most sensitive region of the field 
(i.e., close to the average aim point; see Figure 12b). Sixty 
eight (« 86%) of the sources are detected in at least one of the 
softest X-ray bands (SB, SBl, and SB2) while, by compari- 
son, only four (w 5%) of the sources are detected in the hardest 
bands (HB, HBl, and HB2); all but one of the 11 sources not 
detected in the softest bands are detected in the fuU band. 

The /?-band magnitudes of the supplementary sources cover 
R = 17.4-23.1, and the majority (w 66%) have R = 21-23. 
In Figure 13 we show the /?-band magnitude versus soft-band 
flux. AU of the sources reside in the region expected for star- 
burst and normal galaxies. A fraction of these sources may be 
low-luminosity AGNs; however, the small number of hard-band 
detected sources suggests that very few are luminous absorbed 
AGNs. We can place an average constraint on the X-ray spec- 
tral slopes of these sources by stacking the individual sources 
together. Following §3.3 of Alexander etal. (2001) we find an 
average band ratio of 0.28 ± 0.02, corresponding to an average 
effective photon index of F = 2.0 ±0.1. This result is con- 
sistent with those found by Alexander et al. (2002a) and Hom- 
schemeier etal. (2003) from stacking X-ray-infrared detected 
emission-line galaxies and optically bright. X-ray faint sources, 
respectively. This supports the idea that few absorbed AGNs are 
present in these optically bright sources. 

Due to their optical selection, the optically bright supple- 
mentary sources may not be representative of the faintest X- 
ray sources. However, we cannot easily extract a reliable 
Ust of R ^ 23 lower significance sources as a comparison to 
these opticaUy bright sources. Although clearly an opticaUy 
bright X-ray faint selection will favor the identification of non- 
AGNs (e.g., Hornschemeier etal. 2003), the observed steepen- 
ing of the stacked-average photon index at the lowest count 
rates found in §4.1 provides evidence that normal and starburst 
galaxies are comparitively conmion at faint X-ray fluxes (see 
also Alexander etal. 2002a and Bauer etal. 2002b). 

4. DATA AND BACKGROUND ANALYSIS 
4.1. X-ray Band Ratio and X-ray Color-Color Analysis 

In Figure 14 we show the band ratio as a function of full -band 
count rate for the sources in the main Chandra catalog. A trend 
toward larger band ratios for decreasing count rates is seen. 
This hardening of the X-ray spectral slope has been reported 
in otiier studies (e.g., della Ceca etal. 1999; Ueda etal. 1999; 
Mushotzky et al. 2000; Tozzi et al. 2001 ; BOl) and appears to be 
due to an increase in the number of absorbed AGNs detected. 
For the sources in this study the stacked-average photon index 
flattens from F « 1.8 to F « 0.8 for full-band count rates of 
«10~^to«3xlO~^ counts s~ ^ At the lowest full-band count 
rates ( ^ 3 x 10^^ counts s^') the stacked-average photon index 
steepens (F w 1 .2), possibly due to the increasingly large contri- 
bution from normal and starburst galaxies (e.g., Hornschemeier 
etal. 2003); the difference is significant at the 6.4a level. Ab- 
sorbed AGNs are undoubtedly detected at these low count rates; 
however, they are likely to represent a smaller fraction of the X- 
ray source population than that found at higher count rates. 

In Figure 15 we show X-ray color-color diagrams. These 
diagrams provide diagnostics on the nature of X-ray detected 
sources and they are particularly useful for investigating X-ray 
sources too faint for X-ray spectral analysis. In our compar- 
isons we have simplistically assumed that AGNs can be char- 
acterized by power-law emission with varying amounts of neu- 
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tral intrinsic absorption. Starburst and normal galaxies are also 
often characterized by power-law emission in the rest-frame 
w 2-8 keV band due to the presence of X-ray binaries (e.g., 
Kim, Fabbiano, & Trinchieri 1992a,b; Ptak etal. 1999). How- 
ever, at soft X-ray energies (i.e., ^ 2 keV), the emission from 
starburst and normal galaxies is often better modeled with a soft 
thermal component (e.g., Ptak et al. 1999). 

Figure 15a compares the SB2/SB1 and HB1/SB2 band ra- 
tios. This choice of band ratios is useful for identifying AGNs 
with low-to-moderate absorption, starburst galaxies, and nor- 
mal galaxies. The bulk of the sources fall in the region 
where AGNs are expected to lie (i.e., an average spectral slope 
of r « 1.8 with varying amounts of intrinsic absorption); 
similar conclusions were drawn by Barger etal. (2002) and 
Mainieri et al. (2002) from X-ray color-color analyses of bright 
X-ray sources. However, a considerable fraction (« 20%, 
103 sources) have very flat X-ray spectra (HB1/SB2>1.0) 
and hence properties inconsistent with simple AGN models. 
The majority of these sources also show flat X-ray spectra 
from other diagnostics (e.g., all but two of the sources have 
HB/SB>1.0, and 75 of the 87 sources with HB/SB>2.0 have 
HB1/SB2>1.0). At high column densities the direct AGN 
emission is weak, and other components such as reflection, 
scattering, and line emission can become important. In such 
cases the X-ray spectrum of a highly absorbed AGN is often 
poorly characterized by a simple absorbed power-law model. 

Figure 15b compares the HB1/SB2 and HB2/HB1 band 
ratios. This choice of band ratios is useful for identify- 
ing highly absorbed AGNs. Approximately 70-90% of the 
AGNs that showed very flat X-ray spectra in Figure 15a (i.e., 
HB1/SB2>1.0) faU in the region where highly absorbed AGN 
are expected to he in Figure 15b; the very flat X-ray spectra that 
these sources showed in Figure 15a may be due to other com- 
ponents dominating over the absorbed power-law emission at 
softer X-ray energies (e.g., scattering, reflection, and line emis- 
sion). The X-ray emission from the other AGNs with very flat 
X-ray spectra is still not well characterized by a simple ab- 
sorbed power-law model, and these sources may be Compton 
thick AGNs (i.e.. Mi > 1-5 x 10^^ cm'^; e.g.. Matt etal. 2000). 

Based on these simple models, there appears to be few 
(w 10-30) Compton-thick AGNs; see also Bauer et al. 2003 for 
direct X-ray spectral analysis constraints of the X-ray bright- 
est sources. Given that Compton-thick AGNs account for 
w 50% of nearby AGNs (e.g., Maiolino etal. 1998; Risaliti 
etal. 1999), this result may seem surprising. However, since 
the observed luminosities of nearby Compton-thick AGNs are 
typically L2-iokeV ~ 10"*' erg s"' (see Figure 4 in MaioUno 
et al. 1998), a similar source at z = 0.5-2.0 would have an X-ray 
flux of ~ (0.1-1.4)x 10~'^ erg cm~^ s~^ (calculated assuming 
a typical observed spectral slope for Compton-thick AGNs of 
r = 1.0; e.g., Maiolino etal. 1998, Bassani etal. 1999). Thus, 
even in a 2 Ms Chandra exposure, few typical Compton-thick 
AGNs are expected. 

Finally, we note that very few sources lie along the tracks ex- 
pected for soft thermal emission. This is because we have not 
yet reached the sensitivity to detect such emission in the HBl 
band (see Figure 15a). 

4.2. Background and Sensitivity Limits 

The faintest sources in the main Chandra catalog have ~ 5 
counts (soft band) and « 7 counts (hard band), correspond- 
ing to count rates of w 1 count every 4.5 days (soft band) 



and 3.2 days (hard band). For a F = 1.4 power law with 
Galactic absorption, the corresponding soft-band and hard-band 
fluxes at the aim point are w 1.3 x 10"'^ erg cm"^ s"' and 
« 8.3 X 10~^' erg cm~^ s~\ respectively. This gives a measure 
of the ultimate sensitivity of this survey; however, these num- 
bers are only relevant for a small region close to the aim point. 
In order to determine the sensitivity across the field it is neces- 
sary to take into account the broadening of the PSF with off-axis 
angle, as well as changes in the effective exposure and back- 
ground rate across the field. Under the simplifying assumption 
of \/N uncertainties, we can determine the sensitivity across the 
field following Muno et al. (2003) as 

^=f(i+[i+a^) (3) 

where S is the number of source counts for a given signal- 
to-noise ratio (na) and the number of background counts {b) 
in a source cell. The only component within this equation 
that we need to measure is the background. For the sensitiv- 
ity calculations here we measured the background in a source 
cell using the background maps described below and assuming 
an aperture size of 70% of the encircled-energy radius of the 
PSF; the 70% encircled energy-radius was chosen as a com- 
promise between having too few source counts and too many 
background counts. The total background includes contribu- 
tions from the unresolved cosmic background, particle back- 
ground, and instrumental background (e.g., Markevitch 2001; 
Markevitch etal. 2003). For our analyses we are only interested 
in the total background and do not distinguish between these 
different components. 

To create background maps in all of the seven ASCA- 
grade images, we first masked out the point-sources from the 
main Chandra catalog using apertures with radii twice that 
of the K, 90% PSF encircled-energy radii. The resultant im- 
ages should include minimal contributions from detected point 
sources. They will include contributions from extended sources 
(e.g., Bauer etal. 2002a), which will cause a slight overestima- 
tion of the measured background close to extended sources. In 
Figure 16 we show the distributions of background counts per 
pixel in the full, soft, and hard bands, and in Table 8 we provide 
the mean backgrounds in the seven standard bands. Even with a 
2 Ms Chandra exposure, most of the pixels have no background 
counts (e.g., in the full band 81.6% of the pixels are zero). For 
a small number of detected counts, the expected distribution 
is Poissonian. We compared the background count distribu- 
tions to Poisson distributions and found them to be very sim- 
ilar (the probability as derived from the Kolmogorov-Smirnov 
test is >99.99% in all of the seven standard bands; see Fig- 
ure 16). Since the effective exposure varies across the field, 
we must be careful that this result is not an effect due to the 
combination of many different Poisson distributions. To guard 
against this, we performed the same analyses on many differ- 
ent small (w 4 arcmin-^) regions of similar exposure across the 
field. In all cases the Kolmogorov-Smirnov test probabilities 
were >99.99% in all of the seven standard bands. We filled in 
the masked regions for each source with a local background es- 
timated by making a probability distribution of counts using an 
annulus with inner and outer radii of 2 and 4 times the » 90% 
PSF encircled-energy radius, respectively. The full-band back- 
ground map is shown in Figure 17. The total number of back- 
ground counts over the whole image dominates the counts in 
the detected sources (see Table 8). Since these detected sources 
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contribute the bulk of the cosmic X-ray background, this shows 
that the unresolved cosmic X-ray background component is a 
small fraction of the total background counts. Detailed model- 
ing would be required in order to measure the unresolved cos- 
mic X-ray background (see Markevitch et al. 2003 for modeling 
of the total background using ACIS-S observations). 

Following equation 3, we generated sensitivity maps [for a 
signal-to-noise ratio (S/N) of 3] using the background and ex- 
posure maps; we assumed a F = 1.4 power-law model with 
Galactic absorption. In Figure 18 we show the full -band sen- 
sitivity map, and in Figure 19 we show plots of flux limit 
versus solid angle for the full, soft, and hard bands. The 
Ri 1 arcmin^ region at the aim point has 0.5-2.0 keV and 
2-8 keV sensitivity limits of « 2.5 x 10~^' erg cm~^ s~^ and 
w 1.4 X 10^'^ erg cm^^ s^', respectively (see Table 9 for 
the aim point sensitivities in all of the seven standard bands). 
Since we do not filter out detected sources with S/N< 3, a few 
sources have fluxes below these sensitivity limits (35 sources 
in the soft band and 22 sources in the hard band). Approx- 
imately 190 arcmin^ of the field [including almost all of the 
expected area of the IRAC observations for the Great Ob- 
servatories Origins Deep Survey (GOODS; e.g., Dickinson & 
Giavalisco 2003)] has a full-band sensitivity limit of w 3 x 
10^'^ erg cm^^ s^\ and w 360 arcmin^ (i.e., « 1.3 times the 
size of a single ACIS-1 field) has a full-band sensitivity limit of 
?a 1 X 10~ "erg cm~-^ s^ ' . The latter flux Unait is equivalent to 
the faintest X-ray sources detected at the aim point in moder- 
ately deep (« 100 ks) Chandra observations (see Figure 1). 

4.3. Prospects for Longer Chandra Exposures 

Doubling the exposure of a Chandra observation leads to an 
increase in sensitivity between a factor of \/2 (for the case of 
a large background; background limited) and 2 (for the case 
of no background; photon limited). The total number of back- 
ground counts is larger than the total number of source counts 
in the CDF-N field (see Table 8). However, the number of back- 
ground counts in a detection cell is often negligible; in our anal- 
yses here, we will again assume a circular detection cell with a 
radius equal to the 70% encircled-energy radius of the PSF. For 
example, the average numbers of background counts in a detec- 
tion cell w 2' from the aim point in the soft and hard bands are 
w 0.8 and w 2.5, respectively. 

We can examine the transition from photon to background 
limited using equation 3. For S/N— 3, « 3.3 background counts 
per detection cell marks the point when an observation moves 
toward being background limited; for 3.3 background counts, 
the effective increase in sensitivity when doubling the exposure 
is 1.71 (i.e., between y/2 and 2). For our analyses here we wiU 
take photon limited as being when there are <3.3 background 
counts in a detection cell. 

In Figure 20 we show the approximate photon-limited re- 
gions for the full, soft, and hard bands, and in Table 9 we pro- 
vide the approximate photon-limited solid angles in the seven 
standard bands. The photon-limited region is the largest in the 
softest bands due to their lower backgrounds and smaller PSFs; 
however, even in the full band « 25 arcmin^ of the field is 
photon limited. We can estimate the longest Chandra expo- 
sure for a photon-limited observation by increasing the back- 
ground in the current background images (assuming a Poisson 
distribution with mean count rates taken from Table 8) and re- 

The future effects of the optical blocking filter contamination on the ACIS quantum efficiency is uncertain (see columns 7-13 of Table 3b). In our calculations 
here, we have assumed that ACIS has been "baked" out to remove the contaminants and restore the quantum efficiency to pre-contamination values. 



calculating the photon-limited area for the new exposure. In 
Table 9 we provide the longest photon-limited exposures in the 
seven standard bands; for our analyses here the longest ex- 
posure corresponds to that found when ^ 1 arcmin^ of the 
field remains photon limited. The longest photon-limited expo- 
sures (25-50 Ms) are in the softest bands (i.e., < 2 keV). The 
shorter photon-limited exposures in the hard bands are largely 
due to the large background contribution from 4-8 keV (see 
column 3 in Table 8), although photon-limited exposures up to 
ss 15 Ms should be possible in the HBl band (2-4 keV). Since 
489 (« 97%) of the 503 sources are detected in either the soft 
band or the HBl band, significantly deeper observations should 
be able to efficiently detect sources out to « 4 keV. Chandra 
clearly cannot detect hard sources as efficiently as soft sources; 
however, due to the negative /T-correction of absorbed AGN 
emission, significantly longer Chandra exposures should be an 
effective tool in the identification of high-redshift heavily ab- 
sorbed AGNs. 

In Table 9 we provide predicted S/N— 3 sensitivities at the 
aim point for 4 and 8 Ms Chandra exposures in all of the 
seven X-ray bands. The soft-band limiting fluxes (down to 
w 7 x 10~^* erg cm~-^ s~^) are faint enough to start individ- 
ually detecting sources from the source populations statisti- 
cally detected in stacking analyses (e.g., Brandt etal. 2001c; 
Alexander etal. 2002b; Brusa et al. 2002; Hornschemeier et al. 
2002; Nandra etal. 2002). Based on the fluctuation analyses 
of the 1 Ms CDF-N observation. X-ray source densities up 
to « 70,000 deg^^ are possible down to soft-band fluxes of 
« 7 X 10-'^ erg cm^^ (e.g., Miyaji & Griffiths 2002). At 
such large source densities, the effects of source confusion upon 
source positional determination, source photometry, and source 
density must be considered. 

The source-confusion limit is based on the number of 
"beams" per source. A beam is typically taken to be a cir- 
cle with a radius equal to the FWHM of the PSF (e.g., Hogg 
2001). Since the shape of the HRMA PSF is complex at large 
off-axis angles, we conservatively assume here a "beam" as a 
circle with a radius equal to the 70% encircled-energy radius of 
the PSF. The minimum required number of beams per source is 
determined from the number of sources lying below the detec- 
tion threshold and depends upon the slope of the number counts 
for these undetected sources. Based on the predicted number 
count slopes from the fluctuation analysis of the 1 Ms CDF-N 
observation (Miyaji & Griffiths 2002), the noinimum required 
number of beams per source for source confusion is likely to 
be 30-50 (e.g., Hogg 2001). In Figure 21 we show the density 
of the detected sources versus off-axis angle and compare this 
to our calculated source-confusion limit. Within 6' of the aim 
point source confusion is unUkely to be a problem even in the 
most pessimistic sources-per-beam scenario; however, we may 
suffer source confusion at larger off-axis angles. Within 3' of 
the aim point, source confusion is unhkely to be present even 
with extremely deep observations (i.e., where source densities 
exceed 100,000 deg^^). These calculations do not take into ac- 
count source clustering, which can also effect the determination 
of source properties. 

A 4-8 Ms Chandra exposure can reach the flux limits being 
discussed for the next generation of X-ray observatories such 
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as XEUS (not to be launched for at least 12 years). Although 
the prime scientific focus of XEUS is X-ray spectral analysis 
rather than X-ray imaging (e.g., Bleeker & Mendez 2003), an 
extremely deep Chandra survey can explore the likely source 
populations to be detected in deep XEUS surveys. In addition to 
exploring new discovery space, such a survey would also pro- 
vide firm constraints on the X-ray source density while being 
free of source confusion. This information could prove impor- 
tant for the design of XEUS and the next generation of X-ray 
observatories. 

5. CONCLUSIONS 

We have presented source catalogs and basic anal- 
yses for point sources detected in the 2 Ms Chan- 
dra Deep Field-North survey down to on-axis flux lim- 
its of «2.5 X lO-i'^ergcm-^ s"' (0.5-2.0 keV) and 
« 1.4 X 10"'^ erg cm~^ s"^ (2-8 keV). We have provided two 
point-source catalogs: a main Chandra catalog of 503 X-ray 
sources detected with a wavdetect false-positive probabihty 
threshold of 10~' and a supplementary optically bright Chan- 
dra catalog of 79 X-ray sources detected with a WAVDETECT 
false-positive probability threshold of 10^^ but matched to op- 
tically bright {R ^ 23) counterparts. The X-ray colors of the 
sources in the main Chandra catalog imply a broad variety 
of source types; however, absorbed AGNs (including a small 
number of possible Compton-thick sources) are clearly the 
dominant source type. The X-ray and optical properties of the 
sources in the supplementary optically bright Chandra catalog 
are mostly consisent with those expected from starburst and 
normal galaxies. Due to their optical selection, these sources 
may not be representative of the faintest X-ray sources. 



We have provided analyses of the image backgrounds and X- 
ray sensitivity across the field. We found that the background 
count distributions are very similar to Poisson distributions for 
all seven X-ray bands. We showed that this Chandra observa- 
tion is nearly photon limited for regions close to the aim point 
in all of the seven X-ray bands and predicted that exposures up 
to « 25 Ms (0.5-2.0 keV) and « 4 Ms (2-8 keV) should remain 
nearly photon Umited. We also demonstrated that this observa- 
tion does not suffer from source confusion within « 6' of the 
aim point and showed that future observations are unlikely to 
be source-confusion hmited within fa 3' of the aim point even 
for source densities exceeding 100,000 deg~^. These analy- 
ses directly show that Chandra can achieve significantly fainter 
X-ray fluxes in an efficient nearly photon-Umited manner and 
be largely free of source confusion. 
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providing data. We gratefully acknowledge the anonymous ref- 
eree for an efficient and thoughtful report. We acknowledge the 
financial support of NASA grants NAS 8-38252 and NAS 8- 
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APPENDIX 

THE 1 MS CHANDRA DEEP FIELD-SOUTH 

The ~ 1 Ms CDF-S observation provides the second deepest view of the Universe in the 0.5-8.0 keV band. X-ray catalogs have 
already been pubUshed in G02. However, the source searching and data processing procedures used to create the G02 catalogs were, 
in many respects, quite different from those applied to the CDF-N observations. In order to allow consistent comparisons between 
the CDF-N and CDF-S, we have produced catalogs for the CDF-S using the methods described in §2 and §3. We only provide details 
regarding the differences required for the production of the CDF-S catalogs here. The CDF-S catalogs, images, and exposure maps 
can be accessed from the World Wide Web site listed in Footnote 8. 

Observations and Conditions 

The CDF-S consists of 12 separate observations taken between 1999 Oct 14 and 2000 Dec 23. Observation 581 (1999 Oct 14) is 
not included in the reduction due to telemetry saturation and CCD problems; see Table Al for the details of the 1 1 observations used 
in this analysis. The four ACIS-I CCDs and the ACIS-S CCD S2 were operated in all of the observations; however, due to its large 
off-axis angle, and consequently its low sensitivity, CCD S2 is not used here. The first observation was taken in Very Faint mode 
while the other 10 observations were taken in Faint mode; the focal-plane temperature was — 1 10° C for the first two observations and 
— 120° C for the other nine observations. The background light curves were inspected using EVENT BROWSER. The background was 
found to be high during the first observation, and 8.3 ks of exposure was removed. The total exposure time for the 1 1 observations 
is 939.4 ks; see Table Al. The observing strategy for the CDF-S observations was to keep the aim point approximately constant 
throughout the observations. The average aim point weighted by exposure time is aaooo = 3*^ 32"" 28.^2, 62000 = — 27°48'36", and the 
individual aim points are offset by 5-30" from the average aim point; see Table Al. Due to the different roll angles, the total region 
covered by the 11 observations is 391.3 arcmin^. 

Production of the Point-Source Catalogs 

The main Chandra catalog and supplementary optically bright Chandra catalog were both produced following §3. The images and 
exposure maps were created following §3.1; the images were registered to observation 582. Point-source detection was performed 
following §3.2. Since the CDF-S region does not have deep published radio coverage, absolute source positions were determined 

Details of the XEUS mission can be found at http://astro.esa.int/SA-general/Projects/XEUS/main/xeus_main.html. 
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by matching X-ray sources to optical counterparts, following the method given in §3.3. The optical data used to create the optical 
source list was the /?-band Wide-Field Imager (WFl) observations taken as part of the ESO Imaging Survey (Arnouts at al. 2001). 
The optical source Ust was generated using sextractor, assuming the "Best" magnitude criteria. We matched X-ray sources to 
point-like (FWHM <1.4, as measured by sextractor) R<25 sources with a 2"5 search radius. From a comparison of the X-ray 
and optical source positions we found a small shift in the X-ray source positions. We also found a plate-scale correction identical to 
that found in the CDF-N (i.e., « 0"35 every 12' in both RA and Dec; see §3.3). These corrections have been applied to the X-ray 
source positions. 

The main Chandra catalog was produced following §3.4.1 and is presented as Tables A2a and A2b. The format of these tables 
are the same as those of Tables 3a and 3b. In total 326 independent sources are detected. In 18 cases we had to perform manual 
photometry, in 52 cases we had to make positional changes, and in two cases we had to separate manually a close double and 
determine the position of each separated source. The fluxes and photon indices have been determined taking into account the 
continuous ACIS quantum efficiency degradation described in colunms 7-13 of Table 3b; for a F = 1.4 source, the soft-band and 
hard-band corrections are « 2% and « 0%, respectively. 

The supplementary optically bright Chandra catalog was produced following §3.4.2 and is presented as Tables A3a and A3b. 
The format of these tables are the same as those of Tables 7a and 7b. A basic lower significance Chandra catalog of 363 sources 
was constructed. The optical data used to identify the optically bright counterparts to these Chandra sources were produced from 
the /?-band WFl observations (see above). We matched optical counterparts to the X-ray sources with a search radius of 1"5, and 
selected sources with a "boosted" X-ray significance of < 1 .5 x 10^^ (see §3.4.2). In total 40 optically bright sources were selected; 
by offsetting the source coordinates in RA and Dec we estimate « 5 of these matches are false. We also included two R<2\ sources 
where the X-ray source lay 1"5-10"0 from the centroid of the optical source but was still within the extent of the optical emission. 
Thus, 42 sources are included in the supplementary optically bright Chandra catalog. 

We determined S/N= 3 sensitivity limits following §4.2. The w 1 arcmin^ region at the aim point has 0.5-8.0 keV, 0.5-2.0 keV, and 
2-8 keV sensitivity limits of « 1.3 x 10~^^ergcm~2 s~\ Ri5.2x 10~^^ergcm~^ s~\ and « 2.8 x 10~'^ergcm~^ s~\ respectively. 

Comparisons of the Main CDF-S Catalogs 

In this final section we compare our main Chandra catalog to the catalogs of G02. The source-searching strategy of G02 had four 
main differences from that employed by us: (1) they searched for X-ray sources using both wavdetect and a modified version 
of SEXTRACTOR, (2) they only performed source searching in the 0.5-7.0 keV band (detections in the 0.5-2.0 keV and 2-10 keV 
bands were determined based on the signal-to-noise ratio of the 0.5-7.0 keV detected sources in those bands), (3) when searching for 
sources with wavdetect they used a false-positive probability threshold of 1 x 10^^, and (4) they performed additional processing 
of their results, removing all sources with S/N< 2.1. Since we only used WAVDETECT for source searching, we will generally only 
make comparisons to the G02 wavdetect sources. 

We matched the sources from both studies. G02 detected 346 independent sources: 318 with wavdetect, and 332 with sex- 
tractor. The published G02 source positions are offset from the true source positions by — 1"2 in RA and 0"8 in Dec; see 
the accompanying notes with the Centre de Donnees astronomiques de Strasbourg (CDS) on-line version of the catalogs.'^ We 
removed this « 1"4 offset from the G02 source positions when performing our source matching. Using a 4" search radius we 
matched the X-ray sources from the main Chandra catalog to the G02 wavdetect sources, finding 284 in common; a further five 
SEXTRACTOR-only sources were also matched. In Figure Al we show the results of this source matching. The sources unique to the 
G02 wavdetect catalog tend to lie at large off-axis angles. We visually inspected all of these sources, and the majority are plausibly 
real. If we match the G02 wavdetect sources to both our main Chandra catalog and the lower significance Chandra catalog of 363 
sources we find 308 of the wavdetect sources in conmion; a further 18 SEXTRACTOR-only sources are also matched. These results 
suggest that a lower false-positive probabiUty threshold than that adopted by us for the main Chandra catalog is probably required 
to identify all of the sources at large off-axis angles. By comparison, many of the sources unique to our catalog lie close to the 
aim point; see Figure Al. Visual inspection of these sources also suggests that the majority are real. Many of these sources are not 
included in the G02 catalogs because they are either detected with S/N< 2. 1 or they are not detected in the full band (i.e., they would 
not have been detected in the 0.5-7.0 keV band used by G02). From these basic analyses it therefore seems that a source-searching 
strategy that combines our approach with that of G02 would optimize the number of detected sources. 

We compared the overall positional accuracy of the sources in the WAVDETECT catalogs. In this comparison we matched X-ray 
sources to /? < 24 sources detected in the WFl observations; we removed the k, 1 "4 offset from the G02 source positions before 
performing the source matching. Using a 2'.' 5 search radius, we found R<2A counterparts for 176 of the 284 WAVDETECT sources 
common to both studies. In Figure A2 we show the X-ray-optical positional offset distributions. The distribution is considerably 
tighter for our sources and the median positional offset is better by w 0"15 (0"37 versus 0"52); the median positional offset for 
the 176 sources is also 0"52 if the pubhshed G02 X-ray-optical offsets are used (based on FORSl ^-band observations). Our 
improvements in positional accuracy are mostly due to the plate-scale correction (see §3.3) and our refined source position technique 
(see §3.4.1). 

We compared the photometry between the sources in the wavdetect catalogs. G02 performed source photometry in the 
0.5-2.0 keV and 2-10 keV bands. Although we did not perform source photometry in the 2-10 keV band, few source counts 
are detected at 8-10 keV so a comparison to our 2-8 keV band photometry is vahd. In Figure A3 we show the results of the pho- 
tometry comparisons. Our source photometry is systematically higher than that of G02 by w 2% in the 0.5-2.0 keV band and w 4% 
in the 2-8 keV band. Since the results of extensive simulations by G02 showed that their photometric technique underestimated the 
true number of counts by w 4%, the agreement between the catalogs is very good. There are large disagreements (i.e., >50%) in 

15 The CDS World Wide Web site is at http://cdsweb.u-strasbg.&/. 
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the measured counts for a small number of faint sources (i.e., ^ 150 counts). Visual inspection of these sources showed that they 
generally lay in regions where the estimation of the background is problematic (i.e., the background was high or variable due to 
diffuse emission, a bright nearby source, or the edge of a CCD). 

We compared the fluxes between the sources in the wavdetect catalogs. The source fluxes in both studies were calculated using 
the measured counts, an effective exposure, and a spectral slope. In their flux determination, G02 assumed a spectral slope of F = 1.4 
for all sources while we determined spectral slopes on a source-by-source basis (see column 6 of Table 3a). The average fluxes in 
the 0.5-2.0 keV and 2-8 keV bands are higher in our catalog by « 9% and w 18%, respectively (see Figure A4); we corrected the 
2-10 keV fluxes of the G02 sources to the 2-8 keV band assuming F = 1.4. These small differences are mostly due to the measured 
counts and effective exposures for the sources. However, there is some scatter, particularly in the 2-8 keV band, due to differences 
in the adopted spectral slopes; see Figure A4. 
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2 MS CHANDRA POINT-SOURCE CATALOGS 



Table 1 

Journal of Chandra Deep Field-North Observations 



Obs. 


Obs. 


Exposure 


Aim Point'' 


Roll 


Obs. 


Pipeline 


ID 


Start (UT) 


Time (ks)'' 


O12000 


82000 


Angle 


Mode'' 


Version'^ 


580 


1999 Nov 13,01:14 


49.4 


12 37 16.3 


+62 12 37 


36.6 


F 


R4CU5UPD9 


967 


1999 Nov 14, 19:47 


57.4 


12 37 04.3 


+62 12 53 


38.2 


F 


R4CU5UPD9 


966 


1999 Nov 21, 04:03 


57.4 


12 37 04.3 


+62 12 55 


39.2 


F 


R4CU5UPD9 


957 


2000 Feb 23, 06:31 


57.4 


12 36 36.4 


+62 14 44 


134.3 


F 


R4CU5UPD12.1 


2386 


2000 Nov 20, 05:39 


9.8 


12 37 04.3 


+62 13 04 


44.5 


F 


R4CU5UPD11.2 


1671 


2000 Nov 21, 13:26 


166.8 


12 37 04.3 


+62 13 04 


44.5 


F 


R4CU5UPD13.1 


2344 


2000 Nov 24, 05:41 


90.8 


12 37 04.3 


+62 13 04 


44.5 


F 


R4CU5UPD12.1 


2232 


2001 Feb 19, 14:24 


129.2 


12 36 35.8 


+62 14 40 


136.8 


F 


R4CU5UPD14.1 


2233 


2001 Feb 22, 03:44 


63.1 


12 36 35.4 


+62 14 37 


138.3 


F 


R4CU5UPD14.1 


2423 


2001 Feb 23, 06:57 


68.4 


12 36 35.4 


+62 14 37 


138.3 


F 


R4CU5UPD14.1 


2234 


2001 Mar 02, 02:00 


165.9 


12 36 34.5 


+62 14 30 


142.3 


F 


R4CU5UPD14.1 


2421 


2001 Mar 04, 16:52 


61.6 


12 36 34.1 


+62 14 27 


143.8 


F 


R4CU5UPD14.1 


3293 


2001 Nov 13, 15:04 


161.3 


12 36 51.8 


+62 13 03 


40.5 


VF 


6.4.0 


3388 


2001 Nov 16, 05:41 


49.6 


12 36 51.8 


+62 13 03 


40.5 


VF 


6.4.0 


3408 


2001 Nov 17, 01:09 


66.2 


12 36 51.8 


+62 13 03 


40.5 


VF 


6.4.0 


3389 


2001 Nov 21, 14:16 


108.6 


12 36 51.7 


+62 13 04 


44.3 


VF 


6.4.0 


3409 


2002 Feb 12, 10:59 


82.2 


12 36 36.9 


+62 14 42 


133.1 


VF 


6.6.0 


3294 


2002 Feb 14, 03:22 


170.4 


12 36 36.9 


+62 14 42 


133.1 


VF 


6.6.0 


3390 


2002 Feb 16, 18:58 


164.4 


12 36 36.9 


+62 14 42 


133.1 


VF 


6.6.0 


3391 


2002 Feb 22, 01:52 


164.7 


12 36 36.9 


+62 14 42 


133.1 


VF 


6.6.0 



Note. — The focal-plane temperature was — 1 10° C during the first three observations and — 120° C during the others. 

''All observations were continuous. These times have been corrected for the lost exposure due to the read-out time 
per CCD frame and also reflect the total exposure after the data affected by high background have been removed. The 
short time intervals with bad satellite aspect are negligible and have not been removed. The total exposure time for the 
20 observations is 1.945 Ms. 

''The average aim point, weighted by exposure time, is a2000 = 12'' 36"" 45:'^7, 62000 = -1-62° 13'58". 

'^RoU angle describes the orientation of the Chandra instruments on the sky. The angle is between 0-360°, and it 
increases to the West of North (opposite to the sense of traditional position angle). 

''The observing mode (F=Faint mode; VF=Very Faint mode). 

®The version of the CXC pipeline software used for basic processing of the data. 
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Table 2 



Source Detection Bands 





Energy 


Standard ASCA 


Restricted ACTS 


Band 


(keV) 


Grade Set 


Grade Set 




Full 


0.5-8.0 


ASCA grades 0, 2, 3, 4, 6 


ACTS grades 0, 2, 8 


, 16, 64 


Soft 


0.5-2.0 


ASCA grades 0, 2, 3, 4, 6 


ACIS grades 0, 64 




Hard 


2-8 


A5CA grades 0, 2, 3, 4, 6 


ACIS grades 0, 2, 8 


, 16 


SBl 


0.5-1.0 


A5CA grades 0, 2, 3, 4, 6 


ACIS grades 0, 64 




SB2 


1-2 


ASCA grades 0, 2, 3, 4, 6 


ACIS grades 0, 64 




HBl 


2-A 


ASCA grades 0, 2, 3, 4, 6 


ACIS grades 0, 2, 8 


, 16 


HB2 


4-8 


A5CA grades 0, 2, 3, 4, 6 


ACIS grades 0, 2, 8 


, 16 



Table 3 a 

Main Chandra Catalog: Basic Source Properties 





X-ray Coordinates 


Pos 


Off-Axis 








Counts 








# 


otzooo 


82000 


Error 


Angle 


FB 


SB 


HB 


SBl 


SB2 


HBl 


HB2 


(1) 






(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


1 


1 2 35 1 5 (14 


4-62 14 07 


1.5 


10.57 


79.6;;°;° 


CI /-\4-14 4 

68.0Ip 2 


<19.6 


1 A z^+S 2h 

14.2«;f 


<-o Q + 13 
-'^•°-10.8 


<13.0 


<14.8 


2 


12 35 16.76 


+62 15 37.8 


1.5 


10.50 


76 7+''-'' 
- 16 6 


14.3:|il'' 


<32.9 


<16.8 


13.3+^f 


<21.5 


<24.9 


3 


12 35 18.82 


+62 15 51.5 


1.4 


10.30 




68.7;|tJ 


<39.5 


<19.6 


56 0+'^-' 


<26.0 


<29.9 


4 


12 35 19.47 


+62 13 39.7 


1.4 


10.05 


71 l+'4'? 
"■'-136 


40.2+^",' 


<26.6 


<13.1 


33.2;?-? 


<18.9 


<18.8 


5 


12 35 21.32 


+62 16 28.1 


0.5 


10.15 


596.8:35-5 


410.o;g;J 






286.0;*;5 


120.91155 


46 7+'5-4 
™- '-14.3 


6 


19 ■^^ 91 An 


j-fto 1 Q m '> 

+DZ 10 \JI,Z 


0.5 


10.65 


01 ^ ^+27.4 

216.6 252 


177.21202 


0-3 .^ + 17.0 


64-4I,2.2 


1 n + 18.2 
112-8-16.2 


<21.5 


<29.3 


7 


12 35 21.71 


+62 15 01.6 


1.4 


9.84 


42.6+;^°'" 


<23.0 


35.0^1^-^" 


<13.1 


<18.9 


19-6lJ''o"' 


<25.2 


8 


12 35 22.30 


+62 13 53.6 


1.4 


9.72 




39.0^5"^*^' 


<28.4 


<15.5 


2(,.5tY^ 


<18.9 


<21.3 


9 


12 35 24.92 


+62 15 24.8 


1.3 


9.52 


129.1i?p 


<25.7 


120.3i!5i 


<15.8 


<20.3 


60.41!?:; 


-'^•'-13.3 

CA /-+f4 1 

54.6115:; 


10 


12 35 28.77 


+62 14 27.8 


0.5 


8.98 


251 .8^22 2 


rn^ .r+13 9 

90.6111^ 


164.8li^;5 


<17.9 


76.3;l?:? 


1 net n+14 3 

108.9115:5 


1 1 
1 1 


12 35 29.38 


+62 12 56.4 


U.D 


O.VJ 


4DZ.O 25 3 


1 1 Q 

319-0-19.6 


14/. 3-16,0 


'6-4-10.0 


242 1+"-' 
^^^-'-16,8 


oil + 12-7 


c+12.3a 
55-6_,i.2 


12 


12 35 29.45 


+62 18 22.8 


0.5 


9.92 


235.3li:i 


120.8111^ 


112.0+1?? 


<21.7 


94.1+15-5 


73.0115:5 


38.7115:^ 


13 


12 35 35.21 


+62 14 29.1 


0.4 


8.23 


386.2;g;^ 


248.ll|^i 


127.2;|?;? 


6i.8;^»,'' 


186.1115^ 


79.3ll5:i 


46.8115:; 


14 


12 35 36.09 


+62 19 02.4 


1.3 


9.57 


123.1if^3 


97.8113^ 


<35.7 


^ ^ ^ _I_Q 

29.3l|i'' 


67.4ll?J 


<25.5 


<25.3 


15 


12 35 36.14 


+62 16 46.5 


1.2 


8.58 


i27.oi?J:J 


i29.6i!?:5 


<30.1 


84.8lg;° 


40.2ll?J 


<18.4 


<24.4 


16 


1 9 ^'i 'iT in 

iZ J J J / . 1 u 


+0Z 1 / ZJ.O 


0.4 


8.70 


512.3_,,8 


371.6_2i.7 


101 -7+17.9 


127.21,32 


Tjn "7-18.4 

239.7 1,4 


0-7 /i + 12,9 

77.4_,,.7 


+ 13 7 

42.8_,2:i 


17 


12 35 38.06 


+62 19 39.6 


1.4 


9.73 


144.4;23-0 


84.2+15* 


59.0+l^f' 


<20.4 


58.6115;* 


33.2+'^-* 


24-611;-* 


18 


12 35 38.08 


+62 19 32.9 


1.3 


9.66 


'-"•"-21.6 


54-o;ig 


103.8;|?;^ 


13-6;^^ 


^^-<>-10.6 


64 4+'°-" 


<33.9 


19 


12 35 38.52 


+62 16 43.2 


0.4 


8.30 


20994.8;[4*] 


15233.9+1245 


^^^^ ^-Uftfl 1 

5793.7+™-[ 


4696.3;™J 


10517.2+111" 

43o.2ii:f 


3933.011^11 


1851.115" 


20 


12 35 39.14 


+62 16 00.3 


0.4 


8.02 


839.6^^:5 


595.6lgl 


218.6^5* 


163.711J5 


149.311':^ 


£.n 7+14.0 


01 
Zl 


1 9 "5^ '50 Al 


+OZ 1 J 11./ 


l.U 


7 7/5 


AC + I6.6 


,Q 0+11 5 
^'•O-IO.S 


<Jl.O 


^1 *5 /I 

<10,4 


on 0+9 5 


<liS.4 


<zo.u 


22 


12 35 40.62 


+62 14 58.9 


1.0 


7.65 


12.7+115 


6.8+2f 


<30.9 


<10.7 


15.9+5* 


<19.8 


<24.1 


23 


12 35 42.17 


+62 19 46.0 


1.3 


9.41 


124.8+?j» 


84.3l:if5 


<38.8 


<18.5 


71-lllfj 


28.7+11* 


<29.2 


24 


12 35 42.98 


+62 1144.4 


1.0 


7.64 


63.6+!^-^ 


23.0^?-? 


36.9i!;,:f 


<10.0 


^^-J-6.6 


2i.oi:»^ 


<21.3 


25 


12 35 44.79 


+62 17 35.7 


1.1 


7.98 


ii4.6;|« 


4=i 7+13-0 


68.6;|fg 


<15.0 


44 6+'^" 


41 2+'^-^ 
^'-^-10.0 


<24.0 


26 


12 35 45.47 


+62 18 00.7 


1.1 


8.11 


71 4+''-^ 

"■^-15.0 


66.2_,26 


<24.1 


14.8;«;5'' 


5i-4;i;5:? 


<15.6 


<18.5 


27 


12 35 45.90 


+62 13 51.0 


0.9 


6.97 


63.4;|^'i 


29.7+JV 


<31.2 


<14.6 


21.615:5 


<20.2 


<24.8 


28 


12 35 46.07 


+62 15 59.9 


0.4 


7.24 


293.9;^?;^ 


156.7;j5| 


125.3^15;^ 


43-91" 


113.2115-5 


8O.2+I5-5 


47.0115:5 


29 


12 35 46.25 


+62 17 29.8 


1.0 


7.78 


i73.o;ii 


101.6;l?;? 


■71 + 16.2 


<14.6 


99 6+""-* 
^^•"-146 


34.0l^'4<' 




30 


12 35 47.53 


+62 13 52.9 


0.9 


6.78 


36.6lj« 


<22.0 




<10.5 


<19.4 


<19.0 


<23.9 



Notes 
(13) 



M,R 
0,M 



M 



0,M 

0,M,R 

HB3,R 



M 
M 



M 



Note. — Table 3a is available in its entirety from the World Wide Web site listed in Footnote 8. 
''Source was detected with the restricted ACIS grade set with a probability threshold of 10~'. 
""Source was detected with the standard ASCA grade set with a probability threshold of 10~^. 
''Source positional offset >2.5" from the primary source position. 



Table 3b 

Main Chandra CATALOG: ADDITIONAL SOURCE PROPERTIES 



00 



X-ray Coordinates Effective Band Effective Flux Band Band Band 

* a2000 82000 Exposure Ratiol T FB SB HB SBl SB2 HBl HB2 Ratio2 Ratio3 Raao4 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 



1 


12 35 15.04 


+62 14 07.0 


165.7 


2 


12 35 16.76 


+62 15 37.8 


492.8 


3 


12 35 18.82 


+62 15 51.5 


891.1 


4 


12 35 19.47 


+62 13 39.7 


417.6 


5 


12 35 21.32 


+62 16 28.1 


926.8 


6 


12 35 21.60 


+62 18 07.2 


675.8 


7 


12 35 21.71 


+62 15 01.6 


500.4 


8 


12 35 22.30 


+62 13 53.6 


509.6 


9 


12 35 24.92 


+62 15 24.8 


974.4 


10 


12 35 28.77 


+62 14 27.8 


1121.1 


11 


12 35 29.38 


+62 12 56.4 


738.4 


12 


12 35 29.45 


+62 18 22.8 


899.7 


13 


12 35 35.21 


+62 14 29.1 


1409.1 


14 


12 35 36.09 


+62 19 02.4 


873.6 


15 


12 35 36.14 


+62 16 46.5 


948.4 



<0.31 
<2.44 
<0.60 
<0.69 
0.43 



+0.06 
0.06 



>1.87 
1.40" 
>1.28 
>1.15 
1 S7+'''' 



2.27 



>1.62 
<0.76 
>4.91 

1 OQ+0.38 



0.481 



Q+0.06 
°-0.06 

0.96iS;S 

U.JJ_QQg 

<0.38 

<0.24 



+0.55 
-0.38 

<0.39 
>1.06 
<-0.60 

o.26«:!? 



1.48+ 



1.39: 



1+0.15 
0.14 

>1.70 

>2.09 



4.41 


2.09 


<2.59 


0.56 


1.39 


<1.16 


<3.57 


0.63 


0.14 


<1.60 


<0.23 


0.13 


<0.70 


<2.17 


1.57 


0.38 


<1.10 


<0.15 


0.32 


<0.47 


<1.55 


2.26 


0.48 


<1.62 


<0.20 


0.35 


<0.67 


<1.98 


6.87 


2.23 


4.22 


0.91 


1.55 


2.10 


2.24 


2.48 


1.41 


1.00 


0.70 


0.87 


<0.52 


<1.84 


1.67 


<0.22 


2.11 


<0.16 


<0.18 


0.63 


<2.43 


1.42 


0.37 


<1.45 


<0.19 


0.23 


<0.55 


<1.85 


4.10 


<0.13 


4.77 


<0.09 


<0.11 


1.03 


3.61 


4.70 


0.39 


4.58 


<0.10 


0.34 


1.55 


2.45 


7.02 


2.18 


4.72 


0.66 


1.44 


1.80 


3.15 


4.05 


0.65 


3.36 


<0.15 


0.54 


1.32 


2.08 


3.22 


0.88 


2.16 


0.29 


0.63 


0.88 


1.44 


1.41 


0.57 


<0.90 


0.23 


0.38 


<0.47 


<1.24 


1.11 


0.72 


<0.66 


0.63 


0.21 


<0.31 


<1.05 



3.911 



16 


12 35 37.10 


+62 17 23.6 


929.3 


34+° <'= 


1 70+0.14 
'■'^-0.13 


5.27 


2.04 


2.85 


0.94 


1.28 


1.33 


1.93 


17 


12 35 38.06 


+62 19 39.6 


984.3 


'J- 'J-0.22 


'■'"-0.27 


2.00 


0.42 


1.54 


<0.13 


0.30 


0.54 


1.17 


18 


12 35 38.08 


+62 19 32.9 


978.4 


2(11+0.71 
^■"'-0.55 


"■'^-0.27 


3.47 


0.26 


3.38 


0.08 


0.21 


1.08 


<1.83 


19 


12 35 38.52 


+62 16 43.2 


961.7 


n ^q+°»' 

"■^'-0.01 


1 A<;-0.01 
l''>5_o.oi 


223.39 


80.52 


136.02 


33.26 


54.87 


65.45 


82.33 


20 


12 35 39.14 


+62 16 00.3 


1251.6 


18+°"'' 


L6»_o.o9 


6.76 


2.43 


3.92 


0.88 


1.66 


1.87 


2.33 



1+3.01 

-1.63 

>0.83 

>3.19 

>2.59 

2 56+"^^ 
^■JO_0.31 

9 03+"^* 
^■'^^-0.47 

>1.76 



>4.57 



^ 7^+0.54 
-'■^-'-0.47 



>4.i 
3.261 



^+0.68 

-0.56 

2 56+'°'' 

'^■^°-0.75 

53+° -° 

"■^■'-0.16 

2 10+°-^'' 

^■'"-0.26 

>3.22 

■'■'^°-1.56 
7 c 1 +0.05 
^■^'-0.04 

2 87+°^' 



<1.33 



1.08^2 35 

0.54l°l5 



0.69 



0.63: 



+0.18 
0.16 
+0.24 
-0.21 
+0.22 
0.20 



0.59;°?J 

o.8i;S:I5 



<0.57 

o.5o;S:l! 
o.5o«:i 



21 


12 35 39.47 


+6213 11.7 


1521.9 


<0.81 


>1.01 


0.44 


0.13 


<0.53 


<0.07 


0.09 


<0.19 


<0.76 


>1.95 




22 


12 35 40.62 


+6214 58.9 


1442.2 


<4.69 


1.40" 


0.10 


0.02 


<0.51 


<0.05 


0.05 


<0.21 


<0.72 


>1.62 




23 


12 35 42.17 


+621946.0 


967.5 


<0.48 


>1.48 


1.44 


0.44 


<0.94 


<0.13 


0.37 


0.48 


<1.34 


>4.31 


<1.10 


24 


12 35 42.98 


+621144.4 


835.3 


1 66+°'* 


n 17+0.45 

"■^'_0.42 


1.51 


0.13 


1.34 


<0.07 


0.13 


0.38 


<1.20 


>2.39 


<1.10 


25 


12 35 44.79 


+62 17 35.7 


950.4 


1 ^7+0.61 
r.J/_o.47 


n 47+0.32 

"■^■'-0.30 


2.33 


0.23 


2.15 


<0.10 


0.24 


0.70 


<1.25 


>3.33 


<0.62 



<0.24 
<1.60 
<0.49 
<0.56 
0.44- 



+0.07 
0.06 



<0.20 
>1.02 
<0.70 
>3.11 

'■^-'-0.27 



n 07+O.O6 
"■^'-0.05 



"■^-0.07 

<0.39 

<0.48 



/A O-1+0.06 
"■^■'-0.06 

"■•''-0.22 

1 69+°" 
'■"'-0.53 
+0.01 
0.01 



0.39 



<0.62 
<1.28 



0.89 

0.96;°:™ 



+0.49 

0.36 
+0.40 



w 

W 
H 



26 


12 35 45.47 


+62 18 00.7 


934.9 


<0.37 


>1.71 


0.76 


0.36 


<0.57 


0.11 


0.27 


<0.27 


<0.83 


3.86;5:;:= 




<0.32 


27 


12 35 45.90 


+62 13 51.0 


1741.5 


<1.08 


1.40'' 


0.42 


0.09 


<0.43 


<0.06 


0.06 


<0.18 


<0.60 


>1.58 




<0.96 


28 


12 35 46.07 


+62 15 59.9 


1310.1 


0.82;°|5 


qq+O'5 

"■'^-0.14 


3.23 


0.58 


2.48 


0.21 


0.42 


0.96 


1.61 


2.8o;°S 


67+°" 


7^+° ''' 
'■'-0.13 


29 


12 35 46.25 


+62 17 29.8 


927.8 


0.72l°?J 


1 11+°-^^ 
'■"-0.22 


2.52 


0.54 


1.93 


<0.10 


0.54 


0.58 


1.85 


>7.60 


1 iq+tt61 
'■'^-0.45 


1S+°''' 
"■^3-0.11 


30 


12 35 47.53 


+62 13 52.9 


1741.4 


>0.87 


<0.94 


0.31 


<0.06 


0.28 


<0.04 


<0.05 


<0.17 


<0.61 









Note. — Table 3b is available in its entirety from the World Wide Web site listed in Footnote 8. Band Ratiol=HB/SB; Band Ratio2=SB2/SBl; Band Ratio3=HB2/HBl; Band Ratio4=HB 1/SB2. 
"Photon index set to given value due to low number of counts (see §3.4.1). 



2 MS CHANDRA POINT-SOURCE CATALOGS 



Table 4 



Summary of Chandra Source Detections 





Number of 


Detected Counts Per Source 




Band (keV) 


Sources 


Maximum 


Minimum 


Median 


Mean 


Full (0.5-8.0) 


479 


20994.8 


11.4 


99.3 


438.7 


Soft (0.5-2.0) 


451 


15233.9 


4.3 


54.3 


307.8 


Hard (2-8) 


332 


5793.7 


6.6 


76.7 


209.2 


SB 1(0.5-1.0) 


249 


4696.3 


4.1 


33.8 


161.3 


SB2 (1-2) 


413 


10517.2 


4.8 


48.6 


234.5 


HBl (2-4) 


310 


3933.0 


4.1 


49.1 


146.7 


HB2 (4-8) 


183 


1851.1 


6.7 


53.3 


114.8 



Note. — There are 503 independent X-ray sources detected in total with a false- 
positive probability threshold of 1 x 10~^. We have included cross-band coun- 
terparts from the wavdetect runs with a false-positive probability threshold of 
1 X 10-5 (see §3.4.1). 



Table 5 



Sources Detected in One Band but Not Another 



Detection 






Non-Detection Energy Band 




Band (keV) 


Full 


Soft 


Hard 


SBl 


SB2 


HBl 


HB2 


Full (0.5-8.0) 




51 


148 


230 


84 


169 


296 


Soft (0.5-2.0) 


23 




166 


203 


43 


179 


289 


Hard (2-8) 


1 


47 




162 


56 


34 


149 


SBl (0.5-1.0) 





1 


79 




18 


82 


142 


SB2 (1-2) 


18 


5 


137 


182 




145 


254 


HBl {2-A) 





38 


12 


143 


42 




131 


HB2 (4-8) 





21 





76 


24 








Note. — For example, there were 51 sources detected in the full band that 
were not detected in the soft band. 



Table 6 

1 Ms Chandra sources not detected in the 2 Ms Chandra exposure 



X-ray Coordinates 


R mag 


Notes 


12 36 27.28 
12 36 33.86 
12 37 12.66 
12 37 44.53 
12 38 13.46 


+62 13 08.3 
+62 13 27.7 
+62 13 42.5 
+62 06 41.4 
+62 11 34.1 


27.2 
24.5 
>27.5 
>27.3 
>28.4 


Possible very weak full and hard-band emission 

No evidence for X-ray emission 

No evidence for X-ray emission 

Possible very weak full and soft-band emission 

No evidence for X-ray emission 



Table 7 a 

Supplementary Optically Bright Chandra Catalog: Basic Source Properties 



to 
o 





X-ray Coordinates 


Pos 


Off-Axis 








Counts 








Optical Coordinates 


Offset 




False 




# 




^2000 


Error 


Angle 


FB 


SB 


HB 


SBl 


SB2 


HBl 


HB2 


^2000 


tl4) 


O-X 


R mag 


Prob 


Notes 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




(15) 


(16) 


(17) 


(18) 


1 


12 35 48.31 


+62 15 05.7 


1.2 


6.78 


25.2±8.2'' 


16.9±5.6'' 


<27.3 


<14.4 


<21.9 


<16.1 


<23.1 


12 35 48.26 


+62 15 06.6 


1.0 


20.9 


0.00270 




2 


12 35 54.31 


+62 15 33.3 


1.2 


6.20 


<29.3 


<20.2 


<23.1 


<11.8 


9.1*3.6" 


<13.9 


<187 


12 35 54.28 


+62 15 32.0 


1.3 


22,5 


0.00902 




■5 
J 


12 35 55.47 


+6210 51.9 




fit fj^ 

D.OZ 


<ZO.J 


lU. /±'+.Z 


<zz.u 


.^11 ^ 
<I i.J 




<.ij./ 


^1 7 n 
<i / .u 


12 35 55.40 


+62 10 51.1 


1 n 

I.U 


on 1 


n nni ^n 

U.UUiDU 




4 


12 35 57.88 


+62 15 36.5 


1.2 


5.81 


<28.9 


1 /.Z±D.i 


<21,6 


<16.1 


<15.8 


<12.9 


<17.9 


12 35 57.97 


+62 15 36.7 


0.7 


19.6 


U.U0i04 




5 


12 36 00.07 


+62 14 23.0 


1.2 


5.34 


zi.y±/.u 


<14.2 


o 1 o _i_ cb 


<9.7 


<11.3 


f» f\b 
y.D±4.U 


<18.6 


12 35 59.89 


+62 14 22.7 


1.3 


21.9 


U.UOdOd 




6 


12 36 01.61 


+62 17 13.2 


1.2 


6.09 


<26.8 


14.0±4.7^' 


<22.0 


<7.7 


<15.5 


<13.2 


<17.3 


12 36 01.55 


+62 17 12.2 


1.1 


20.3 


0.00166 




7 


12 36 02.20 


+62 12 38.7 


1.2 


5.24 


18.1±6.3'' 


<18.0 


<21.0 


<10.8 


6.3±2.8'^ 


<13.3 


<16.4 


12 36 02.20 


+62 12 38.0 


0.7 


22.2 


0.00730 




8 


12 36 04.63 


+62 22 09.7 


1.2 


9.50 


<37.0 


lD.O±5.y 


<29.5 


<14.3 


<20.1 


<18.4 


<23.3 


12 36 04.57 


+62 22 10.5 


1.0 


17.4 


fx f\r\f\t n 

0.00019 




o 


12 36 07.06 


+62 13 29.5 


1 

l.Z 




^ 1 Q Q 


<i /.J 


<i J.Z 




< IU. / 


<o.O 


^ 1 1 Q 
<.il.y 


12 36 07.16 


+62 13 28.5 


l.Z 


Zl.O 


n nn-no 




10 


12 36 07.16 


+62 19 24.2 


1 2 


7 06 


<23 7 


<15 6 


<20 1 


<11 3 


<10 7 


7 Oi3 3^ 


<16 6 


12 36 07.25 


+62 19 25.2 


1 2 


22 


U.UUDZ7 




11 


12 36 08.08 


+62 1 1 40.2 


1.2 


4.95 


<21.6 


<13.8 


<17.1 


<8.8 


8.6±3.5'' 


<9.5 


<15.0 


12 36 08.12 


+62 11 40.4 


0.4 


22.2 


0.00723 




12 


12 36 12.29 


+62 16 08.4 


1.2 


4.46 


<19.8 


<15.1 


<14.4 


<10.3 


8.2±3.3" 


<10.9 


<11.8 


12 36 12.33 


+62 16 08.0 


0.5 


23.0 


0.01400 




13 


12 36 12.53 


+62 14 38.1 


1.2 


3.93 


12.5±4.4'' 


8.8±3.3'' 


<14.0 


<10.9 


6.8±2.8'' 


<13.8 


<10.9 


12 36 12.44 


+62 14 38.2 


0.7 


21.5 


0.00446 




14 


12 36 15.57 


+62 09 46.5 


1.2 


5.46 


26.6±7.7'' 


<18.6 


<21.4 


<12.4 


<13.9 


<14.8 


<15.6 


12 36 15.64 


+62 09 46.6 


0.5 


23.1 


0.01490 




15 


12 36 16.07 


+62 15 58.2 


1.2 


4.00 


<15.5 


5.4zt2.6'' 


<1 1.7 


<10.4 


5.0±2.4'' 


<13.4 


<7.0 


12 36 16.00 


+62 15 58.4 


0.5 


22.6 






16 


12 36 16.70 


+62 13 50.8 


1.2 


3.38 


<14.7 


5.7±2.6'' 


<10.7 


<11.6 


<13.9 


<9.5 


<11.1 


12 36 16.67 


+62 13 50.9 


0.2 


23.0 


0.01410 




17 


12 36 19.89 


+62 13 47.7 


1.2 


3.02 


<14.8 


10.5±3.5*' 


<10.3 


<12.1 


<16.0 


<11.6 


<8.0 


12 36 19.87 


+62 13 47.9 


0.2 


21.2 


0.00350 




1 8 


12 36 24.34 


+62 08 36.2 


1 2 




<28 2 


16 li5 4^ 


<22 3 


< 12 7 


^ i J.+ 


<.Lj.O 


^ lo.o 


12 36 24.45 


+62 08 36.1 


n ft 
u.o 


21 2 


00337 






12 36 24.41 


+62 14 54.5 


1 2 


Z.DO 


iU.JIn+.U 


D. /ito.U 




^ 1 n 7 


^ 17 ^ 


<.L 1 .D 


<1 1 4 


12 36 24.40 


+62 14 54.2 




21 1 


U.UUJZU 




20 


12 36 24.99 


+62 13 00.8 


1 2 


2 60 


16 5ib5 2^ 


<10 3 


<11 9 


<8 2 


5 4±2 4" 


<7 6 


<10 6 


12 36 25.07 


+62 13 00.6 


6 


21 6 


n nfusn 




21 


12 3625.59 


+621548.8 


1.2 


2.99 


8.7*3.6" 


<10.2 


<14.5 


<12.1 


<10.2 


<13.0 


<12.6 


12 36 25.51 


+62 15 48.8 


0.6 


22,5 


0.00918 




22 


12 36 27.89 


+62 14 48.8 


1.2 


2.25 


n.2±4A'' 


<11.3 


<13.4 


4.6*2.2" 


<13.5 


<13.5 


<11.1 


12 36 27.87 


+62 14 49.1 


0.4 


22.6 


0.00988 




23 


12 36 28.09 


+62 12 37.5 


1.2 


2.45 


<13.1 


<9.6 


<10.2 


<9.7 


3.5±2.0" 


<13.5 


<6.7 


12 36 28.24 


+62 12 37.6 


1.0 


21.9 


0.00573 




24 


12 36 29.98 


+62 12 24.5 


1.2 


2.40 


<13.0 


5.7±2.6' 


<10.0 


<15.7 


<12.1 


<9.3 


<9.0 


12 36 30.00 


+62 12 24.3 


0.2 


23.1 


0.01440 




25 


12 36 30.45 


+62 12 08.7 


1.2 


2.54 


<13.9 


6.8±2.8'' 


<12.0 


<11.1 


<13.5 


<11.6 


<10.5 


12 36 30.40 


+62 12 08.6 


0.4 


21.3 


0.00360 




26 


12 36 31.54 


+62 11 13.6 


1.2 


3.20 


<16.4 


4.1±2.2'' 


<13.5 


<8.9 


<15.3 


<14.8 


<10.2 


12 36 31.49 


+62 11 14.1 


0.6 


22.2 


0.00735 




27 


12 36 32.30 


+62 07 34.3 


1.2 


6.58 


<31.6 


11.1±4.4'' 


<27.0 


<11.9 


5.6±3.0" 


<14.7 


<24.1 


12 36 32.40 


+62 07 34.2 


0.7 


20.8 


0.00257 




28 


12 36 32.46 


+621105.3 


1.2 


3.26 


17.8±5.0'' 


9.1*3.3" 


<13.8 


<13.0 


<13.9 


<9.8 


<107 


12 36 32.44 


+62 11 05.8 


0.5 


20.3 


0.00174 




29 


12 36 32.48 


+62 16 27.1 


1.2 


2.93 


<13.5 


6.0±2.6" 


<11.4 


<7.9 


<10.2 


<13.0 


<107 


12 36 32.45 


+62 16 27.6 


0.6 


22.4 


0.00848 




30 


12 36 32.55 


+62 10 39.5 


1.2 


3.64 


4.4±2.6'' 


<9.5 


2.5±2.0" 


<7.4 


<11.6 


<9.1 


3.0±2.0" 


12 36 32.44 


+62 10 37.8 


1.9 


20.4 




L 



Note. — Table 7a is available in its entirety from the World Wide Web site listed in Footnote 8. 
^Source was detected with the restricted ACIS grade set with a probability threshold of 10~^. 
*'Sotirce positional offset >2.5" from the primary source position. 



Table 7b 

Supplementary Optically Bright Chandra Catalog: Additional Source Properties 





X-ray Coordinates 


Ettective 


















0^2000 


§2000 


Exposure 


FB 


OD 


HB 


QUI 


ODZ 


HBl 


HB2 




(2) 


(3) 




w) 






yo) 








I 


12 35 48.31 


+62 15 05.7 


1689.3 


0.13 


0.05 


<0.34 


<0.06 


<0.06 


<0.15 


<0.54 


2 


12 35 54.31 


+62 15 33.3 


1694.9 


<0.15 


<0.06 


<0.28 


<0.05 


0.02 


<0.13 


<0.43 


3 


12 35 55.47 


+62 10 51.9 


1063.7 


<0.21 


0.05 


<0.43 


<0.07 


0.04 


<0.19 


<0.60 


4 


12 35 57.88 


+62 15 36.5 


1739.4 


<0.14 


0.05 


<0.26 


<0.06 


<0.04 


<0.11 


<0.40 


5 


12 36 00.07 


+62 14 23.0 


1756.4 


0.11 


<0.04 


0.26 


<0.04 


<0.03 


0.08 


<0.41 


6 


12 36 01.61 


+62 17 13.2 


1530.7 


<0.15 


0.05 


<0.30 


<0.03 


<0.05 


<0.13 


<0.44 


7 


12 36 02.20 


+62 12 38.7 


1769.7 


0.09 


<0.05 


<0.25 


<0.04 


0.02 


<0.11 


<0.35 


8 


12 36 04.63 


+62 22 09.7 


695.8 


<0.46 


0.13 


<0.88 


<0.14 


<0.14 


<0.41 


<1.34 


9 


12 36 07.06 


+62 13 29.5 


1764.3 


<0.09 


<0.05 


<0.I5 


0.03 


<0.03 


<0.08 


<0.26 


10 


12 36 07.16 


+62 19 24.2 


1017.5 


<0.20 


<0.08 


<0.41 


<0.08 


<0.05 


0.11 


<0.66 


11 


12 36 08.08 


+62 1 1 40.2 


1685.1 


<0.11 


<0.04 


<0.21 


<0.04 


0.02 


<0.08 


<0.34 


12 


12 36 12.29 


+62 16 08.4 


1799.7 


<0.10 


<0.04 


<0.17 


<0.04 


0.02 


<0.09 


<0.25 


13 


12 36 12.53 


+62 14 38.1 


1737.8 


0.06 


0.03 


<0.17 


<0.04 


0.02 


<0.12 


<0.24 


14 


12 36 15.57 


+62 09 46.5 


1795.8 


0.13 


<0.05 


<0.25 


<0.05 


<0.04 


<0.12 


<0.33 


15 


12 36 16.07 


+62 15 58.2 


1856.0 


<0.07 


0.02 


<0.13 


<0.04 


0.01 


<0.11 


<0.14 


16 


12 36 16.70 


+62 13 50.8 


1705.3 


<0.07 


0.02 


<0.13 


<0.05 


<0.04 


<0.08 


<0.24 


17 


12 36 19.89 


+62 13 47.7 


1746.9 


<0.07 


0.03 


<0.12 


<0.05 


<0.04 


<0.10 


<0.17 


18 


12 36 24.34 


+62 08 36.2 


1709.5 


<0.14 


0.05 


<0.27 


<0.05 


<0.04 


<0.12 


<0.42 


19 


12 36 24.41 


+62 14 54.5 


1906.6 


0.05 


0.02 


<0.15 


<0.04 


<0.04 


<0.14 


<0.22 


20 


12 36 24.99 


+62 13 00.8 


1798.5 


0.08 


<0.03 


<0.14 


<0.03 


0.01 


<0.06 


<0.22 


21 


12 36 25.59 


+62 15 48.8 


1823.9 


0.04 


<0.03 


<0.16 


<0.05 


<0.03 


<0. 1 1 


<0.26 


22 


12 36 27.89 


+62 14 48.8 


1899.2 


0.06 


<0.03 


<0.15 


0.02 


<0.03 


<0. 1 1 


<0.22 


23 


12 36 28.09 


+62 12 37.5 


1775.7 


<0.06 


<0.03 


<0.12 


<0.04 


0.01 


<0.11 


<0.I4 


24 


12 36 29.98 


+62 12 24.5 


1790.0 


<0.06 


0.02 


<0. 1 1 


<0.06 


<0.03 


<0.08 


<0.19 


25 


12 36 30.45 


+62 12 08.7 


1829.2 


<0.07 


0.02 


<0.13 


<0.04 


<0.03 


<0.09 


<0.21 


26 


12 36 31.54 


+62 11 13.6 


1885.1 


<0.08 


0.01 


<0.15 


<0.03 


<0.04 


<0.I2 


<0.20 


27 


12 36 32.30 


+62 07 34.3 


1759.7 


<0.16 


0.03 


<0.32 


<0.05 


0.01 


<0.I2 


<0.53 


28 


12 36 32.46 


+62 1105.3 


1882.6 


0.08 


0.03 


<0.15 


<0.05 


<0.03 


<0.08 


<0.21 


29 


12 36 32.48 


+62 16 27.1 


1786.2 


<0.07 


0.02 


<0.13 


<0.03 


<0.03 


<0.11 


<0.23 


30 


12 36 32.55 


+62 10 39.5 


1763.7 


0.02 


<0.03 


0.03 


<0.03 


<0.03 


<0.08 


0.06 



Note. — Table 7b is available in its entirety from the World Wide Web site listed in Footnote 8. 



ALEXANDER ETAL. 



Table 8 



Background Parameters for theA5CA-grade images 





Mean Background 


Total Background'^ 


Count Ratio'' 


Band (keV) 


(Counts pixel" 1)^ 


(Counts Ms" 1 pixel" 1)'' 


(10^ counts) 


(Background/Source) 


Full (0.5-8.0) 


0.211 


0.191 


14.1 


6.7 


Soft (0.5-2.0) 


0.062 


0.056 


4.1 


2.9 


Hard (2-8) 


0.150 


0.135 


10.0 


14.0 


SBl (0.5-1.0) 


0.027 


0.025 


1.8 


4.4 


SB2(l-2) 


0.035 


0.031 


2.3 


2.3 


HBl (2-4) 


0.051 


0.046 


3.4 


7.2 


HB2 (4-8) 


0.099 


0.089 


6.6 


27.6 



^The mean numbers of counts per pixel. These are measured from the masked background images described in 
§4.2. 

''The mean numbers of counts per pixel divided by the mean effective exposure. These are measured from the 
exposure maps and masked background images described in §4.2. 

'^Total number of background counts (calculated from the total number of pixels and the mean background). 

''Ratio of the total number of background counts to the total number of source counts. 



Table 9 
Sensitivity parameters 





Photon Limited 




Flux Limit 




Band (keV) 


Area'' 


Exposure'' 


Current*^ 


4 Ms'' 


8 Ms'' 


Full (0.5-8.0) 


25 


4 


7.1 


4.2 


2.6 


Soft (0.5-2.0) 


83 


25 


2.5 


1.3 


0.7 


Hard (2-8) 


34 


4 


14.1 


8.1 


5.1 


SBl (0.5-1.0) 


134 


50 


3.2 


1.6 


0.8 


SB2 (1-2) 


122 


40 


2.3 


1.2 


0.6 


HBl {2-A) 


92 


15 


7.4 


3.9 


2.2 


HB2 (4-8) 


47 


6 


22.4 


12.6 


7.8 



^Current area of the field that is photon Umited (arcmin^); see §4.3. 

''Predicted maximum photon-Umited exposure for an area of^l arcmin^ 
(Ms); see §4.3. 

'^Current S/N= 3 flux limit (10"'^ erg cm"^ s"') at the aim point (cor- 
responding to the deepest 1 arcmin-^ region); see §4.2. 

''Predicted S/N= 3 flux limit (10"'^ erg cm s ) at the aim point (cor- 
responding to the deepest ~ 1 arcmin^ region) for 4 Ms and 8 Ms expo- 
sures; see footnote 13 and §4.3 for assumptions. 



2 MS CHANDRA POINT-SOURCE CATALOGS 



Table A 1 

Journal of Chandra Deep Field-South Observations 



Obs. 


Obs. 


Exposure 


Aim Point'' 


Roll 


Obs. 


Pipeline 


ID 


Start (JIT') 
o vol I. y\j 1. J 


Timp Cks^^ 

1. ±111^ I ivO ( 


OC2000 


§2000 




Mode** 




1431-0 


1999 Oct 15, 17:38 


21.1 


3 32 29.44 


-27 48 21.8 


47.3 


VF 


R4CU5UPD9 


1431-1 


1999 Nov 23, 02:30 


93.6 


3 32 29.35 


-27 48 40.4 


353.9 


F 


R4CU5UPD9 


441 


2000 May 27, 01:18 


56.0 


3 32 26.75 


-27 48 17.4 


166.7 


F 


R4CU5UPD13.3 


582 


2000 June 03, 02:38 


130.5 


3 32 26.82 


-27 48 16.3 


162.9 


F 


R4CU5UPD13.3 


2406 


2000 Dec 10, 23:35 


29.7 


3 32 28.47 


-27 48 39.3 


332.2 


F 


R4CU5UPD12.1 


2405 


2000 Dec 11,08:14 


59.6 


3 32 28.96 


-27 48 46.4 


331.8 


F 


R4CU5UPD12.1 


2312 


2000 Dec 13, 03:28 


123.7 


3 32 28.42 


-27 48 39.8 


329.9 


F 


R4CU5UPD13.1 


1672 


2000 Dec 16, 05:07 


95.1 


3 32 28.85 


-27 48 47.5 


326.9 


F 


R4CU5UPD13.2 


2409 


2000 Dec 19, 03:55 


69.0 


3 32 28.17 


-27 48 41.8 


319.2 


F 


R4CU5UPD13.2 


2313 


2000 Dec 21, 02:08 


130.4 


3 32 28.17 


-27 48 41.8 


319.2 


F 


R4CU5UPD13.2 


2239 


2000 Dec 23, 17:28 


130.7 


3 32 28.17 


-27 48 41.8 


319.2 


F 


R4CU5UPD13.2 



Note. — The focal-plane temperature was — 1 10° C during the first two observations and — 120° C during the others. 

^All observations were continuous. These times have been corrected for the lost exposure due to the read-out time per 
CCD frame and also reflect the total exposure after the data affected by high background have been removed. The short time 
intervals with bad satellite aspect are negligible and have not been removed. The total exposure time for the 1 1 observations 
is 939.4 ks. 

''The average aim point, weighted by exposure time, is a2ooo = 3** 32™ 28?2, 82000 = — 27°48'36"; individual aim points 

are offset by 5-30" from the average aim point. 

'^RoU angle describes the orientation of the Chandra instruments on the sky. The angle is between 0-360°, and it increases 
to the West of North (opposite to the sense of traditional position angle). 

''The observing mode (F=Faint mode; VF=Very Faint mode). 

^The version of the CXC pipeline software used for basic processing of the data. 



Table A2a 



Main Chandra CATALOG: BASIC SOURCE PROPERTIES 





X-ray Coordinates 


Pos 


Off-Axis 








Counts 










# 


0(2000 ^2000 


Error 


Angle 


FB 


SB 


HE 


SBl 


SB2 


HBl 


HBl 


Notes 


(1) 


(2) (3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 



1 


3 3144.21 


-27 49 26.1 


1.4 


9.76 


2 


3 31 44.72 


-27 51 56.3 


1.4 


10.18 


3 


3 31 44.85 


-27 51 39.2 


1.4 


10.06 


4 


3 31 47.30 


-27 53 13.3 


0.5 


10.15 


5 


3 31 47.98 


-27 50 45.5 


0.5 


9.15 


6 


3 3148.02 


-27 48 01.9 


1.2 


8.91 


7 


3 3149.43 


-27 46 34.4 


1.2 


8.81 


8 


3 31 49.49 


-27 50 34.0 


1.2 


8.78 


9 


3 31 50.39 


-27 50 42.1 


1.2 


8.62 


10 


3 31 50.43 


—27 51 51.8 


0.5 


8.97 


U 


3 31 50.64 


-27 53 00.9 


1.3 


9.40 


12 


3 31 51.16 


-27 50 51.6 


1.2 


8.50 


13 


3 31 51.47 


-27 45 54.5 


1.2 


8.56 


14 


3 3151.98 


-27 53 26.7 


1.3 


9.36 


15 


3 31 52.32 


-27 47 52.7 


1.1 


7.97 


16 


3 31 52.50 


-27 50 17.5 


0.4 


8.07 


17 


3 31 52.53 


-27 46 42.4 


0.4 


8.12 


18 


3 31 53.55 


-27 48 43.1 


1.0 


7.67 


19 


3 31 53.99 


-27 47 57.7 


1.0 


7.60 


20 


3 31 54.34 


-27 41 59.8 


1.4 


9.99 


21 


3 31 54.57 


-27 51 03.4 


1.1 


7.83 


22 


3 31 55.39 


-27 54 47.7 


1.3 


9.54 


23 


3 31 55.57 


-27 50 43.3 


1.0 


7.52 


24 


3 31 55.83 


-27 49 20.9 


1.0 


7.20 


25 


3 31 56.88 


-27 5101.3 


1.0 


7.34 


26 


3 31 57.03 


-27 51 08.6 


1.0 


7.35 


27 


3 31 57.71 


-27 42 08.4 


1.3 


9.35 


28 


3 31 58.10 


-27 48 34.0 


0.4 


6.66 


29 


3 31 58.12 


-27 44 59.4 


1.0 


7.58 


30 


3 31 58.29 


-27 50 41.6 


0.4 


6.94 



76.o;i: 



+ 15.7 
■-14. 6 

I02.7;|^-^ 
87.9+|«i 
485.9+2^-9 
438.2;g;* 



145.1ii^i 
79.6;!|i 
36.2i»-5 

403.2«" 



<32.0 



79.0: 
125.9 



■15.0 



458.6; 



22.4+ 
17.8f 



231.111^5 

79.9+lt5 
4+11.6 

0+8.7 
0-7.4 



62.411" 

i8i.8i!^:^ 

65.4+}" 



90.8;";^ 
1 10 !+"'■* 
459.7;g;? 

581-8_26:7 



38.1 

85.8if»' 
59.3 
325.5 
338.7^5:5 



+ 12.7 

11,7 
+20,7 
-19,7 



76.1! 



1+12.0 
•^-10.9 

101-2^!?:^ 

if: 2+11.9 
^"■■'-10.8 

25.2i^'8° 
282.61!!:? 

69.9;|?i 
32.01,5 
41 7+"-' 

^'■'-10.2 

76 4+"^' 
'"■^-10.6 

245.4lJ*-^ 
157 3+''-2 
59.3+^°/ 
12.71^:? 

11-415:? 

26.41" 
60.1+^°8'' 

"^■^-10.1 
274+8.6a 

24.5i:? 



'°-'-5,8 

75.il|;:i 

295.411^;^ 
37.7ii 
356.7«;:? 



<32.0 
<34.4 
<36.2 



102.3115:^ 



<27.4 

46.11!;:?' 

r)C q+12.6 
■'^•'-11.4 

<30.8 



<20.1 
<33.8 



45 2+' 



221.9 
74.1 



10.6 

+ 18.9 
17.8 
+ 13.0 
-11.8 
<25.7 

<23.1 
<16.0 



<29.0 

114.81!*:* 

<23.7 
<24.8 
<26.7 

70.7+!?-? 
36 7+'° ' 
154 6+"^' 

<23.0 
220.01!*:? 



<15.1 
<19.0 
<20.4 
71.71 



7+10.7 
'-9,7 

125.311^^ 



21.01?:^ 

28.71^:^ 
<15.2 
<12.2 

1+10.4 

■9.3 



60.O 



<15.4 
<15.2 
14.9 



+6.5 
5.4 



+8.5 
-7,4 
+6,4 
-5,3 



<16.7 
39.4: 
12.5 
<7.7 
3 6+"-^ 

^•0_3Q 
<11.1 

<10.7 
26.41?:* 
<13.2 
<15.2 

<12.3 

27 0+'^2 

^'•"-6,0 

72.8li»,-^ 
[79+6:6., 

46.21*:^ 



<22.3 
71.9 
39.8 



+ 12,0 
-10,8 
+ 10,3 
9,3 



213.111?:? 



1+10.0 
'-8,9 
:+10.7 
'-9,7 

.+10.4 
'-8.2 
1+17.3 
'-16.2 



55.0: 
72.6: 
44.3: 
24.8: 
223.3: 



<15.3 
39.61^:? 
61.6 '"" 



+10.2 
9,2 



230.3l|?-^ 

ii8.2l|-;:j 

46.8+^i 
18.51?;? 
<11.5 

30.3l*J 

60.01JV 
34.71?-^ 
1 9 3+7:2 

19.21^;^ 

16 ^+'' 2 
48.21^-J 
222.211^-5 

20.01?:? 

310.511^:^ 



<19.4 
<22.4 
<22.6 
110.311^-^ 
76 7+12,r 
'"■^-11,0 

<19.6 
<20.1 
16.7l?-5 
<19.1 

'^■"-10,7 

<19.0 
29.9l?:2 
<11.4 

21.11?:? 

<19.4 



135.0 
55.0 



+ 14,2 
13,1 
+ 10,1 
-8,9 

<15.8 

6.6-5,1 
<10.0 

<18.9 

oc 2+11.8 
OJ..'-10.7 

<15.1 

<16.0 
<14.5 



<18.3 
1 1 1 -j+iz.s 

1 ".-'-11,6 

<14.3 
156.0 



<25.5 
<26.2 
<28.4 
47 1 + 11,8 

+ '■1-10,7 

<28.2 

<19.1 
<19.9 
<24.9 
<25.0 
<31.1 

<28.3 
<23.9 
<17.0 
<26.8 
<22.5 



87.2: 



+ 14,9 
13,7 



+ 13,2 
12,1 

<21.7 
<21.1 
<18.5 
<12.9 

<22.4 
29.61?:*' 
<18.8 
<19.2 
<22.9 

25.8^^'^ 
<17.0 

42.21?:? 
<18.5 

64 1+"+ 

°+.l-10,2 



M 



M 



M 



Note. — Table A2a is available in its entirety from the World Wide Web site listed in Footnote 8. 
"Sotirce was detected with the restricted ACTS grade set with a probability threshold of 10~'. 
I'Source was detected with the standard grade set with a probability threshold of 10~^. 
'^Source positional offset >2.5" from the primary source position. 



Table A2b 



Main Chandra CATALOG: ADDITIONAL SOURCE PROPERTIES 





X-ray Coordinates 


Effective 


Band 


Effective 








Flux 








Band 


Band 


Band 


# 


tt2ooo 82000 


Exposure 


Ratio 1 


r 


FB 


SB 


HE 


SBl 


SB2 


HBl 


HB2 


Ratio2 


Ratio3 


Ratio4 


(1) 


(2) (3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 



1 


3 31 44.21 


-27 49 26.1 


567.5 


<0.87 


>0.88 


2.18 


0.34 


<1.68 


<0.16 


<0.19 


<0.56 


<2.29 


- 


- 


- 


2 


3 31 44.72 


-27 51 56.3 


690.6 


<0.42 


>1.54 


1.68 


0.65 


<1.28 


<0.17 


0.48 


<0.52 


<1.79 


>3.89 




<0.31 


3 


3 3144.85 


-27 51 39.2 


715.4 


<0.64 


>1.16 


1.72 


0.42 


<1.42 


<0.17 


0.26 


<0.51 


<1.96 


>2.00 


_ 


<0.56 


4 


3 3147.30 


-27 53 13.3 


418.3 


051 +0.06 


1 36+°" 


14.54 


4.00 


10.22 


1.04 


2.81 


4.26 


5.45 


q (r,+0.63 


48+°-" 
o.4o_o 12 


n 4^+0-06 

"■^^-0.06 


5 


3 31 47.98 


-27 50 45.5 


724.5 


r, 4-0 05 
0.313:5 


1 in+0 15 


5.96 


2.46 


3.42 


1.09 


1.34 


1.68 


<1.74 


1 1 .1 +0 24 
1-74:0:22 


<0.41 


n C-+0 06 

0.3515:^^ 







07 zL« ni u 


650 4 


<0 37 


> 1 64 


1 50 


61 


< 1 05 


20 




<0 48 


< 1 34 


7 <:q+1-25 
z.65_o82 




<0 35 


7 




— Z / 4D J4.4 


443.0 


r, 47+0.13 


, 4-, +0.25 
1 ■^-i_o.22 


i.yj 


1.17 


7 77 


/lA 


7^ 
U. / J 


^0 77 


<z. lU 


7 fiO+O 83 




<u.z / 


8 


3 31 49.49 


-27 50 34.0 


728.1 


U.JO f\ 10 


l-24+§S 


1.46 


0.32 


Qsn 


<0.13 


0.28 


0.37 


<1.63 


>2.98 


<1.63 


0-37+ISS 


9 


3 31 50.39 


-27 50 42.1 


732.0 


<1.27 


1.40'' 


0.60 


0.18 


<i.ii 


<0.10 


0.16 


<0.42 


<1.59 


>2.08 




<0.76 


10 


3 3150.43 


-27 51 51.8 


753.7 


"■'•■•^-o.oe 




6.12 


1.94 


3.96 


0.49 


1.36 


1.55 


<1.90 


001 +0.76 


<0.47 


o.32i<l:g^ 


11 


3 31 50.64 


-27 53 00.9 


786.6 


<0.53 


>1.33 


1.60 


0.43 


<1.15 


0.10 


0.31 


<0.39 


<1.71 


4-i5it:S 


— 


<0.36 


12 


3 3151.16 


-27 50 51.6 


770.3 


0.57;g;?? 


1 7^+0.36 
'■^^-0.29 


1.96 


0.46 


1.36 


0.13 


0.32 


0.62 


<1.46 


3.41«i° 


<0.87 


n "is+o-^o 


13 


^1 51 47 


—27 45 54 5 


434.4 


<0.65 


>l.l4 


<1.04 


0.37 


<1.30 


<0.21 


<0.16 


<0.42 


<1.88 








14 


3 31 51.98 


-27 53 26.7 


748.1 


<0.83 


>0.92 


1.69 


0.28 


<1.33 


<0.12 


0.25 


0.46 


<1.80 


>2.66 


<1.40 


U.J7_Q 22 


15 


3 31 52.32 


-27 47 52.7 


792.7 


A (ii +0 19 
"■"'-0 16 


1.20;g;g 


2.17 


0.49 


1.57 


0.11 


0.36 


<0.39 


<1.34 


4 j'f+lAi 
4.ZZ_j 43 


- 


<0.31 


16 


3 31 52.50 


-27 50 17.5 


769.7 


A 0-3+011 
"■^■'-0,10 




10.03 


1.61 


8.64 


<0.13 


1.41 


2.84 


5.61 


>14.14 


o.7o;2;i^ 


0.58ig;U? 


17 


3 31 52.53 


-27 46 42.4 


751.0 


A 40+0.10 


^■^^'-0.16 


3.76 


1.08 


2.59 


0.32 


0.73 


1.17 


<1.33 


3.07;!|;g 


<0.43 


0.46;U;i» 


18 




— Z / 45 4J. i 


826.7 


<0.44 


> 1.48 


1.13 


0.37 


<0.80 


0.09 


0.26 


<0.3 1 


< 1. 15 


7 07+2.87 




<0.34 


19 


3 31 53.99 


-27 47 57.7 


848.4 


<1.86 


1.40' 


0.32 


0.08 


<0.71 


<0.06 


0.10 


0.12 


<0.99 


>2.47 


<3.02 




20 


3 31 54.34 


-27 41 59.8 


118.1 


<1.45 


1.40' 


1.84 


0.50 


<3.55 


0.19 


<0.45 


<1.35 


<5.10 


<3.23 






21 


3 31 54.57 


-27 51 03.4 


846.8 


<1.13 


1.40' 


0.90 


0.16 


<0.90 


<0.08 


0.17 


<0.36 


<1.21 


>2.80 




<0.62 


22 


3 31 55.39 


-27 54 47.7 


233.7 


1 07+0.46 




18.59 


1.28 


17.36 


<0.26 


1.24 


5.95 


6.95 


>5.73 


0.38ig:» 


1 41+°-3i 
^■^^-0.27 


23 


3 31 55.57 


-27 50 43.3 


783.2 


<0.40 


>1.58 


0.92 


0.41 


<0.76 


0.21 


0.20 


<0.31 


<1.07 


1 7;;+0.56 
l.J7_0 42 




<0.43 


24 


3 31 55.83 


-27 49 20.9 


833.0 


<0.93 


1.40' 


0.70 


0.17 


<0.78 


<0.10 


0.11 


<0.31 


<1.04 


>1.50 




<0.83 


25 


3 31 56.88 


-27 51 01.3 


791.1 


<1.11 


1.40" 


0.75 


0.16 


<0.88 


<0.12 


0.11 


<0.29 


<1.31 


>1.29 




<0.75 


26 


3 31 57.03 


-27 51 08.6 


811.1 


3.83+]g 


-0 44+'' « 


3.54 


0.12 


3.55 


<0.08 


0.10 


0.87 


1.85 


>1.36 


0.65ig:g 


2 60+' -* 

^-""-0,87 


27 


3 31 57.71 


-27 42 08.4 


242.0 


o.5oig:!5 


1 00+0.29 


5.63 


1.60 


3.96 


0.69 


0.92 


<1.20 


<3.24 


i-80ig:S 




<0.38 


28 


3 3158.10 


-27 48 34.0 


848.2 


0.53;°;°^ 


1 07+0.11 
i.J'i-O.lO 


6.94 


1.79 


4.83 


0.52 


1.22 


2.10 


2.26 


7 17+0.51 
^-'''-0.45 


40+''-l'' 
U-4U_oo9 


n 50+"-"'' 

".J"_0.06 


29 


3 3158.12 


-27 44 59.4 


789.0 


<0.62 


>1.18 


0.80 


0.24 


<0.80 


0.14 


0.12 


<0.29 


<1.10 


1 17+0.65 




<0.71 


30 


3 3158.29 


-27 50 41.6 


806.7 


".O'>_0.06 


, 17+0.09 
^■^ '-0.09 


10.03 


2.24 


7.48 


0.35 


1.79 


3.10 


3.68 


6.86i!;« 


n 44+0-09 
"■^-0.08 


50+°-* 

"■''"-0.05 



Note. — Table A2b is available in its entirety from the World Wide Web site Usted in Footnote 8. Band Ratiol=HB/SB ; Band Ratio2=SB2/SB 1 ; Band Ratio3=HB2/HB 1 ; Band Ratio4=HB 1/SB2. 
"Photon index set to given value due to low number of counts. 
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Table A3a 



Supplementary Optically Bright Chandra Catalog: Basic Source Properties 





X-ray Coordinates 


Pos 


Off-Axis 








Counts 








Optical Coordinates 


Offset 




False 




# 


0^2000 82000 


Error 


Angle 


FB 


SB 


HB 


SBl 


SBl 


HBl 


HB2 


0(2000 82000 


O-X 


R mag 


Prob 


Notes 


(1) 


(2) (3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) (14) 


(15) 


(16) 


(17) 


(18) 



1 


3 31 59.36 


-27 46 50.8 


1.2 


6.62 


22.8±6.8 


<16.6 


<19.7 


<11.0 


<13.8 


<13.1 


<15.0 


3 31 59.31 


-27 46 51.3 


0.8 


22.8 


0.01200 


2 


3 32 10.87 


-27 47 21.9 


1.2 


4.03 


5.8±2.8 


4.1±2.2 


<12.1 


<15.7 


<13.5 


<9.3 


<10.5 


3 32 10.91 


-27 47 22.7 


0.9 


20.5 


0.00193 


3 


3 32 12.33 


—27 49 12.1 


1.2 


3.56 


8.9±3.7^ 


5. 1±2.4^ 


< 10.3 


2.8±1.7" 


<9.3 


<7.9 


<8.3 


3 32 12.38 


—27 49 12.6 


0.9 


22.7 


0.01120 


4 


3 32 12.46 


—27 47 53 6 


1.2 


3.56 


5.9±2.8 


4.3±2.2 


<11.7 


<9.7 


<10.7 


<7.9 


<9.4 


3 32 12.52 


—27 47 53.7 


0.7 


22.6 


00990 


5 




—27 47 49.9 


1.2 


2.84 


59-1-2.8 


<15.1 


<13.4 


<7.5 


37-1-2.0 


<8.6 


<9.1 


3 32 1 5 90 


—27 47 50 


0.6 


22.4 




6 


3 32 16.10 


-27 49 41.1 


1.2 


2.89 


8.2±3.3 


4.3±2.2 


<9.8 


4.6±2.2 


<13.2 


<5.8 


<10.4 


3 32 16.15 


-27 49 41.6 


0.9 


21.4 


0.00397 


7 


3 32 16.89 


-27 52 29.8 


1.2 


4.62 


<14.8 


<10.0 


<12.0 


<7.4 


3.3±2.0 


<9.5 


<10.4 


3 32 16.91 


-27 52 31.1 


1.4 


22.3 


0.00808 


8 


3 32 17.31 


-27 49 20.2 


1.2 


2.52 


<11.6 


8.1 ±3.0" 


<10.9 


<13.8 


<10.1 


<5.8 


<10.4 


3 32 17.40 


—27 49 20.6 


1.2 


20.0 


0.00131 


9 


3 32 18.39 


—27 45 55.4 


1.2 


3.45 


9.5±3.5 


<10.8 


<14.1 


<9.7 


<6.9 


<13.5 


<12.0 


3 32 18.44 


—97 45 55 8 


0.8 


22.3 


0.00817 


10 


3 32 19.10 


-27 44 45.6 


1.2 


4.35 


<15.6 


5.0±2.4 


<13.0 


<7.9 


0.8±1.0" 


<11.2 


<10.4 


3 32 19.17 


—27 44 46.4 


1.1 


20.6 


0.00224 


11 


3 32 20.25 


-27 5644.4 


1.2 


8.32 


<30.9 


<19.4 


<26.3 


<13.8 


5.9±2.8 


<14.3 


<22.4 


3 32 20.21 


-27 56 45.6 


1.2 


20.8 


0.00258 


12 


3 32 21.24 


-27 44 35.9 


1.2 


4.30 


<16.3 


<13.8 


<12.2 


4.2±2.2" 


<13.9 


<11.2 


<9.5 


3 32 21.28 


-27 44 35.8 


0.5 


20.4 


0.00189 


13 


3 32 21.91 


—27 54 27.2 


1.2 


6.01 


<21.5 


6.9±3.2 


<15.8 


<12.5 


<13.4 


< 1 1 .0 


<12.0 


3 32 22.01 


—27 54 28.1 


1.6 


19.5 




14 


3 32 23.63 


-27 53 24.2 


1.2 


4.90 


<16.6 


6.4^2.8" 


<12.0 


<8.6 


<10.9 


<9.1 


<10.1 


3 32 23.68 


—27 53 24.1 


0.6 


21.3 


0.00360 


15 


3 32 24.54 


—27 48 50 8 


1.2 


0.85 


<14.4 


2.8=tl.7 


<9.7 


<4.6 


<11.2 


<7.9 


<8.2 


3 32 24.61 


—27 48 51 3 


1.0 


21.2 


00332 


16 


3 32 25.42 


-27 46 17.4 


1.2 


2.40 


<11.8 


1.8±1.4'' 


<10.0 


<10.6 


<11.6 


<7.2 


<9.1 


3 32 25.42 


-27 46 17.1 


0.3 


22.5 


0.00920 


17 


3 32 25.75 


-27 44 58.5 


1.2 


3.68 


<14.2 


4.7±2.4'' 


<10.1 


<15.7 


2.7±1.7 


<9.3 


<10.1 


3 32 25.77 


-27 44 59.4 


1.0 


23.0 


0.01360 


18 


3 32 26.00 


-27 53 34.5 


1.2 


4.99 


<16.8 


8.3*3.3" 


<13.1 


<9.6 


<9.1 


<11.2 


<10.8 


3 32 25.96 


-27 53 34.5 


0.6 


21.3 


0.00372 


19 


3 32 27.67 


-27 50 40.7 


1.2 


2.07 


9.4±3.5'' 


5.6±2.4 


<11.2 


<10.6 


3.8±2.0" 


<7.2 


<8.0 


3 32 27.71 


-27 50 40.6 


0.6 


22.7 


0.01100 


20 


3 32 29.15 


-27 47 07.6 


1.2 


1.50 


14.4±4.5'' 


7.2±2.8 


<12.1 


<13.8 


<10.6 


<7.2 


<11.2 


3 32 29.20 


-27 47 07.5 


0.7 


22.0 


0.00607 


21 


3 32 29.75 


-27 45 20.3 


1.2 


3.29 


<15.9 


<11.3 


4.8±2.4 


<13.2 


<15.7 


<12.6 


<10.7 


3 32 29.85 


-27 45 20.5 


1.4 


22.3 


0.00804 


22 


3 32 30.09 


-27 53 06.6 


1.2 


4.52 


<18.2 


8.4±3.3 


<14.0 


<8.9 


<11.3 


<14.8 


<11.2 


3 32 30.16 


-27 53 05.8 


1.2 


21.2 


0.00345 


23 


3 32 31.25 


-27 53 14.1 


1.2 


4.67 


<11.9 


<8.6 


<10.4 


<8.6 


<6.2 


2.4±1.7'' 


<11.1 


3 32 31.30 


-27 53 15.0 


1.2 


22.7 


0.01060 


24 


3 32 31.32 


-27 57 26.1 


1.2 


8.85 


<34.7 


<25.6 


<25.9 


<16.9 


11.2±4.2 


<15.5 


<21.0 


3 3231.41 


-27 57 26.1 


1.2 


21.5 


0.00415 


25 


3 32 32.94 


-27 50 29.8 


1.2 


2.16 


8.7±3.3 


6.4±2.6 


<8.0 


<16.8 


<12.2 


<9.1 


<5.3 


3 32 33.00 


-27 50 29.9 


0.7 


21.9 


0.00605 


26 


3 32 33.15 


-27 49 20.6 


1.2 


1.31 


7.2±3.0 


4.6±2.2 


<8.6 


<12.2 


<6.0 


<7.2 


<7.4 


3 32 33.21 


-27 49 20.7 


0.8 


22.3 


0.00823 


27 


3 32 34.72 


-27 50 24.4 


1.2 


2.30 


8.2±3.3 


<12.6 


<9.9 


<6.0 


2.8±1.7 


<10.6 


<11.2 


3 32 34.80 


-27 50 24.8 


1.1 


22.8 


0.01150 


28 


3 32 35.53 


-27 49 43.7 


1.2 


1.97 


10.2±3.6 


5.4±2.4» 


<10.1 


<10.6 


<10.1 


<13.2 


<9.5 


3 32 35.61 


-27 49 43.9 


1.1 


21.4 


0.00405 


29 


3 32 39.09 


-27 48 44.6 


1.2 


2.41 


<9.9 


<10.0 


<7.8 


<7.5 


3.9±2.0 


<4.6 


<9.5 


3 32 39.16 


-27 48 44.6 


0.9 


19.8 


0.00117 


30 


3 32 39.25 


-27 42 19.2 


1.2 


6.75 


<23.0 


11.0*4.1" 


<16.6 


<13.8 


<12.2 


<11.0 


<13.2 


3 32 39.26 


-27 42 19.3 


0.2 


22.7 


0.01060 



Note. — Table A3a is available in its entirety from the World Wide Web site listed in Footnote 8. 

^Source was detected with the restricted ACIS grade set with a probability threshold of 10~^. 
''Source positional offset >2.5" from the primary source position. 



Table A3b 

Supplementary Optically Bright Chandra Catalog: Additional Source Properties 





X-ray Coordinates 


Effective 


















Ct2000 


82000 


Exposure 


FB 




HB 


QUI 


ODZ 


HBl 


HB2 




(2) 


(3) 




yj) 


(.6) 


(,') 


yo) 


iQ\ 

yy) 


yivj) 


(,ti; 


1 


3 31 59.36 


-27 46 50.8 


855.6 


0.24 


<0.10 


<0.53 


<0.08 


<0.07 


<0.24 


<0.73 


2 


3 32 10.87 


-27 47 21.9 


842.6 


0.06 


0.03 


<0.32 


<0.12 


<0.07 


<0.17 


<0.50 


3 


3 32 12.33 


-27 49 12.1 


909.2 


0.09 


0.03 


<0.26 


0.02 


<0.05 


<0.14 


<0.37 


4 


3 32 12.46 


-27 47 53.6 


887.0 


0.06 


0.03 


<0.30 


<0.07 


<0.05 


<0.14 


<0.42 


5 


3 32 15.86 


-27 47 49.9 


815.0 


0.06 


<0.10 


<0.37 


<0.06 


0.02 


<0.17 


<0.45 


6 


3 32 16.10 


-27 49 41.1 


938.8 


0.08 


0.02 


<0.24 


0.03 


<0.06 


<0.10 


<0.44 


7 


3 32 16.89 


-27 52 29.8 


909.4 


<0.14 


<0.06 


<0.30 


<0.05 


0.02 


<0.16 


<0.46 


8 


3 32 17.31 


-27 49 20.2 


938.1 


<0.11 


0.05 


<0.26 


<0.09 


<0.05 


<0.10 


<0.44 


9 


3 32 18.39 


-27 45 55.4 


914.4 


0.09 


<0.06 


<0.35 


<0.07 


<0.03 


<0.23 


<0.53 


10 


3 32 19.10 


-27 44 45.6 


888.7 


<0.16 


0.03 


<0.33 


<0.06 


0.00 


<0.20 


<0.47 


11 


3 32 20.25 


—27 56 44.4 


654.9 


<0.42 


<0.16 


<0.92 


<0.14 


0.04 


<0.34 


<1.45 


12 


3 32 21.24 


-27 44 35.9 


900.1 


<0.16 


<0.08 


<0.31 


0.03 


<0.07 


<0.20 


<0.43 


13 


3 32 21.91 


—27 54 27.2 


877.4 


<0.22 


0.04 


<0.41 


<0.09 


<0.07 


<0.20 


<0.56 


14 


3 32 23.63 


-27 53 24.2 


860.7 


<0.17 


0.04 


<0.31 


<0.06 


<0.06 


<0.17 


<0.47 


15 


3 32 24.54 


-27 48 50.8 


484.5 


<0.26 


0.03 


<0.45 


<0.06 


<0.10 


<0.26 


<0.67 


16 


3 32 25.42 


-27 46 17.4 


915.9 


<0.11 


0.01 


<0.25 


<0.08 


<0.06 


<0.12 


<0.39 


17 


3 32 25.75 


-27 44 58.5 


911.4 


<0.14 


0.03 


<0.25 


<0.11 


0.01 


<0.16 


<0.45 


18 


3 32 26.00 


-27 53 34.5 


885.5 


<0.17 


0.05 


<0.33 


<0.07 


<0.05 


<0.20 


<0.49 


19 


3 32 27.67 


-27 50 40.7 


935.7 


0.09 


0.03 


<0.27 


<0.07 


0.02 


<0.12 


<0.34 


20 


3 32 29.15 


-27 47 07.6 


923.8 


0.14 


0.04 


<0.29 


<0.10 


<0.05 


<0.12 


<0.48 


21 


3 32 29.75 


-27 45 20.3 


831.3 


<0.17 


<0.07 


0.13 


<0.10 


<0.09 


<0.24 


<0.52 


22 


3 32 30.09 


-27 53 06.6 


899.7 


<0.18 


0.05 


<0.35 


<0.06 


<0.06 


<0.26 


<0.50 


23 


3 32 31.25 


-27 53 14.1 


896.7 


<0.12 


<0.05 


<0.26 


<0.06 


<0.03 


0.04 


<0.50 


24 


3 32 31.32 


-27 57 26.1 


653.2 


<0.47 


<0.21 


<0.91 


<0.17 


0.08 


<0.37 


<1.38 


25 


3 32 32.94 


-27 50 29.8 


788.3 


0.10 


0.04 


<0.23 


<0.14 


<0.07 


<0.18 


<0.27 


26 


3 32 33.15 


-27 49 20.6 


899.9 


0.07 


0.03 


<0.22 


<0.09 


<0.03 


<0.13 


<0.33 


27 


3 32 34.72 


-27 50 24.4 


693.7 


0.10 


<0.10 


<0.32 


<0.06 


0.02 


<0.24 


<0.64 


28 


3 32 35.53 


-27 49 43.7 


931.5 


0.10 


0.03 


<0.25 


<0.07 


<0.05 


<0.23 


<0.41 


29 


3 32 39.09 


-27 48 44.6 


883.6 


<0.10 


<0.06 


<0.20 


<0.05 


0.02 


<0.08 


<0.43 


30 


3 32 39.25 


-27 42 19.2 


845.8 


<0.24 


0.07 


<0.45 


<0.10 


<0.07 


<0.21 


<0.66 



Note. — Table A3b is available in its entirety from the World Wide Web site listed in Footnote 8. 
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Fig. 1 . — Flux versus solid angle for a variety of X-ray surveys in the soft (top) and hard (bottom) bands. The vertical dashed lines indicate the solid angle of the 
entire sky. The pre-Chandra and XMM-Newton surveys are shown as stars, the Chandra surveys are shown as filled circles, and the XMM-Newton surveys are shown 
as open circles. In general, only surveys with results in refereed journals are shown. The pre-Chandra surveys shown are ROSAT (RASS, Voges et al. 1999; RIXOS, 
Mason et al. 2000; UDS, Lehmann et al. 2001), HEAO 1 A-2 (Piccinotti et al. 1982), ASCA (ASCA Medium, Cagnoni et al. 1998; ASCA Deep, Ogasaka et al. 1998), 
BeppoSAX (HELLAS, Fiore etal. 2001). The Chandra surveys shown are 20 ks Chandra surveys (e.g., Brandt etal. 2000, Fiore etal. 2000, Crawford etal. 2001, 
McHardy etal. 2003), « 100 ks Chandra surveys (e.g., Mushotzky etal. 2000, Barger etal. 2001, Cowie etal. 2002, Stern etal. 2002, Manners etal. 2003), ChaMP 
(Wilkes etal. 2001), the 1 Ms CDF-S survey (G02), and the 2 Ms and 8 Ms CDF-N surveys (see §4.2, §4.3, and Table 9 for the sensitivity parameters of the CDF-N 
surveys). The XMM-Newton surveys shown are the Lockman Hole (Hasinger et al. 2001), HELLAS2XMM (Baldi et al. 2002), and the XMM Serendipity survey 
(Watson etal. 2001, 2003, Barcons et al. 2002). For the small-area surveys, where depth is usually important, we have shown the approximate on-axis flux limits 
while for the large-area surveys (i.e., > 1 deg^), where areal coverage is usually imporant, we have shown the flux limits corresponding to w 30% of the total area. 
When appropriate, we converted the flux limits into the bands shown here assuming F = 1 .4. 
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Fig. 2. — Full-band raw image of the 2 Ms CDF-N. This image has been made using the standard ASCA grade set (see Table 2) and is binned by a factor of 
four in both right ascension (RA) and 0!'l in declination (Dec). The light grooves running through the image correspond to the gaps between the CCDs. The 
small polygon indicates the HDF-N, and the large rectangle indicates the expected area of the IRAC observations for the Great Observatories Origins Deep Survey 
(GOODS; e.g., Dickinson & Giavalisco 2003). The cross near the center of the image indicates the average aim point, weighted by exposure time (see Table 1). 
Only one of the raw images is included here; please see the World Wide Web site listed in Footnote 8 for raw images in the other bands listed in Table 2. 
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Fig. 3. — Full-band adapdvely smoothed image of the 2 Ms CDF-N. This image has been made using the standard ASCA grade set (see Table 2) and is binned 
by a factor of four in both RA and Dec. The adaptive smoothing has been performed using the code of Ebeling, White, & Rangarajan (2003) at the 2.5a level, and 
the grayscales are linear; much of the apparent diffuse emission is just instrumental background. The symbols and regions have the same meaning as those given in 
Figure 2. Only one of the adaptively smoothed images is included here; please see the World Wide Web site listed in Footnote 8 for adaptively smoothed images in 
the other bands listed in Table 2. 
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Fig. 4. — Chandra "true-color" image of the 2 Ms CDF-N. This image has been constructed from the 0.5-2.0 keV (red), 2-A keV (green), and 4-8 keV (blue) 
adaptively smoothed images available at the World Wide Web site listed in Footnote 8. The two most prominent red diffuse patches are galaxy groups/clusters (see 
Bauer et al. 2002a). 
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39 38 37 12*^ 36^ 

Right Ascension (2000) 

Fig. 5. — Full-band exposure map of the 2 Ms CDF-N. This image has been binned by a factor of four in both RA and Dec. The darkest areas correspond to the 
highest effective exposure times (the maximum value is 1.945 Ms), and the grayscales are logarithmic. The symbols and regions have the same meaning as those 
given in Figure 2. The black outline surrounding the exposure map indicates the extent of all the ACIS-I observations; the regions of the exposure map near the 
outline appear white due to low exposure (<200 ks). Only one of the exposure maps is included here; please see the World Wide Web site Usted in Footnote 8 for 
exposure maps in the other bands Usted in Table 2. 
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0.5-8.0 keV Effective Exposure (ks) 



Fig. 6. — Amount of survey solid angle having at least a given amount of effective exposure in the full-band exposure map. The vertical dotted line indicates an 
effective exposure of 1 Ms; w 51% (w 230 arcmin^) of the 2 Ms CDF-N field has > 1 Ms of exposure. Compare with Figure 5. 
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Fig. 7. — Positional offset versus off-axis angle for sources in the main Chandra catalog that match with 1.4 GHz sources (from Richards 2000) to within 2"5. 
The open circles are Chandra sources with <200 full-band counts, and the solid dots are Chandra sources with > 200 full-band counts. The dotted line shows the 
running median. These data have been used to determine the positional uncertainties of the Chandra sources; see §3.3 and §3.4. 1. 
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Fig. 8. — Histograms showing tlie distributions of detected counts in tlie full (top), soft (middle), and hard (bottom) bands. Sources with upper limits have not 
been plotted. The dotted lines indicate the median numbers of counts (see Table 4); the median number of full-band counts (« 100) is large enough for basic X-ray 
spectral analysis. 
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Fig. 9. — Histogram showing the distribution of full-band effective exposure time for the sources in the main Chandra catalog. A broad range of exposure times 
is found due to the different roll angles and aim points of the 20 observations. The median exposure time is 1.7 Ms. 
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Fig. 10. — Histograms showing tlie distributions of X-ray fluxes in the full (top), soft (middle), and hard (bottom) bands. Sources with upper limits have not 
been plotted. The dotted lines indicate the median fluxes. Approximately 50% of the sources have soft-band and hard-band fluxes of < 2 x 10" erg cm"^ s"' and 
< 2 X 10" erg cm"^ s"', respectively. 
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Fig. 1 1 . — Full-band "postage-stamp" images for the sources in the main Chandra catalog. The label at the top of each image gives the source coordinates (the 
hour and degree components are not included) while the numbers at the bottom left and bottom right comers give the off-axis angle (in arcminutes) and number of 
full-band counts, respectively. Each image is oriented so that North is up and East is to the left, and each is 50 pixels (f» 24!' 6) on a side. The source of interest is 
always at the center of the image. The background varies significantly from image to image due to the varying effective exposure time (see Figure 5 and Table 8). 
In a few cases no source is apparent; often these sources were not detected in the full band but sometimes the lack of an apparent source is due to the broad PSF at 
large off-axis angles. A few of the sources appear to show extent; in most cases this is an artifact of the complex Chandra off-axis PSF. Only one of the eight pages 
of cutouts could be included here; please see the World Wide Web site Usted in Footnote 8 for the version with all the cutouts. 
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Fig. 1 2a. — Positions of the sources in (a) tlie main Chandra catalog, and (b) tlie supplementary optically bright Chandra catalog. The symbols and regions have 
the same meaning as those given in Figure 2; the dotted outline indicates the extent of the 2 Ms CDF-N field. The new sources in the main Chandra catalog (i.e., 
those not detected in the 1 Ms exposure presented in BOl) are indicated with solid dots. 
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Fig. 13. — S-band magnitude versus soft-band flux for the 79 opticafly bright lower significance X-ray sources. The diagonal lines indicate constant flux ratios. 
The shaded regions show the approximate flux ratios for AGNs and galaxies (e.g., Maccaccaro et al. 1988; Stocke et al. 1991; Homschemeier et al. 2001). 
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Fig. 14. — Band ratio as a function of full-band count rate for the sources in the main Chandra catalog. Small solid dots show sources detected in both the soft 
and hard bands. Plain arrows show sources detected in only one of these two bands with the arrows indicating upper and lower limits; sources detected in only 
the full band cannot be plotted. The open stars show average band ratios as a function of full-band count rate derived from stacking analyses (following §3.3 of 
Alexander etal. 2001). The vertical lines represent the average la uncertainties on the band ratio for a typical source at the shown count rate. These error bars are 
not representative of the Ic uncertainties on the stacked band ratio, which are typically only < 0.04 (see bottom panel); note that the y-axis scaling in the bottom 
panel is different to the y-axis scaling in the top panel. Horizontal dotted lines are labeled with the photon indices that correspond to a given band ratio assuming 
only Galactic absorption (these were determined using the CXC's Portable, Interactive, Multi-Mission Simulator; PIMMS). 
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Fig. 15 a. — X-ray color-color diagrams for the sources in the main Chandra catalog showing (a) HB1/SB2 versus SB2/SB1 and (b) HB2/HB1 versus HB1/SB2. 
Small solid dots show sources detected in all the plotted bands, and plain arrows show sources with band ratio limits. To reduce symbol crowding, we do not show 
error bars for each of the small solid dots; instead the errors for a typical source with fs 100 full-band counts is shown. The dashed lines show the expected band 
ratios for a variety of absorbed power-law models, and the dotted lines show the expected band ratios for a Raymond-Smith model with different input temperatures 
(these were determined using PIMMS and were calculated including the Galactic absorption). All of the models have been calculated for z = 0; higher redshifts for 
the Raymond-Smith model will cause the tracks to move toward lower SB2/SB 1 and HB 1/SB2 band ratios, while higher redshifts for the absorbed power-law models 
will lead to higher intrinsic absorption for a given set of band ratios [for A'h.z ,$ 1.5 x 10^* cm^, A'h.z is related to the column density at z = by A'h.z ~ (1 + z)~'* A'h]. 
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Fig. 16. — Histograms showing tlie fractions of background counts per pixel in the full (top), soft (middle), and hard (bottom) bands. The vertical dotted 
lines indicate the mean numbers of background counts per pixel (see Table 8), and the numbers plotted show the fractions of the total numbers of background 
counts present in each bin. The solid dots indicate the expected numbers of background counts for Poisson distributions with the mean numbers of background 
counts per pixel. The background count distributions are very similar to Poisson distributions for all seven bands; the probability as derived from the Kolmogorov- 
Smimov test is >99.99%. We also peii'ormed these analyses on many different small (ss 4 arcmin^) regions of similar' exposure across the field. In all cases the 
Kolmogorov-Smimov test probabilites were >99.99% in all of the seven bands (see §4.2). 
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Fig. 17. — Full-band background map of the 2 Ms CDF-N. This background map has been created following §4.2 using the standard A5CA grade set (see Table 2) 
and is binned by a factor of four in both RA and Dec. The symbols and regions have the same meaning as those given in Figure 2. The higher background around 
the GOODS IRAC region is due to the higher effective exposure. Diffuse emission from the extended source CXOHDFN J123620.0+621554 (Bauer etal. 2002a) is 
faintly visible but is unlikely to increase the background dramatically. 
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Fig. 18. — Full-band S/N= 3 sensitivity map of the 2 Ms CDF-N. This sensitivity map has been created following §4.2 using the standard ASCA grade set 
(see Table 2) and is binned by a factor of four in both RA and Dec. The symbols and regions have the same meaning as those given in Figure 2; the soUd 
outline indicates the extent of the CDF-N field. The black, dark gray, light gr^, and white areas correspond to S/N= 3 sensitivities of < 10" erg cm~^ s~', 
10-16-3.3 X IQ-i* erg cm'^ s"', 3.3 x 10~'*-10"'' erg cm'^ s~ , and > 10~" erg cm'^ s~\ respectively. 
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Fig. 19. — Solid angle versus flux limit (S/N= 3) for the full (top), soft (middle), and hard (bottom) bands, determined following §4.2. The flux limits at the aim 
point are « 7.1 x 10" erg cm"^ s"' (full band), « 2.5 x 10"'^ erg cm"^ s"' (soft band), and « 1.4 x 10"'* erg cm"^ s"' (hard band). The vertical dotted lines 
indicate the flux limits for an area of « 285 arcmin", equivalent to a single ACIS-1 field of view; these correspond to limiting fluxes of « 5.8 x 10"'* erg cm"" s"' 
(fuU band), « 1.4 x 10"'* erg cm"^ s"' (soft band), and fa 1.0 x 10"" erg cm"^ s"' (hard band). 
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Fig. 20. — Map showing the photon-hmited regions in the full, soft, and hard bands. These regions have been calculated following §4.3 using the standard ASCA 
grade set (see Table 2). The symbols and regions have the same meaning as those given in Figure 2. The dotted outline indicates the extent of the 2 Ms CDF-N 
field, the black region corresponds to the photon-limited area in the full band, the dot-dashed circle indicates the approximate extent of the soft-band photon-limited 
region, and the dashed circle indicates the approximate extent of the hard-band photon-limited region (see Table 9). 
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Fig. 21. — Source density versus off-axis angle for the sources in the main Chandra catalog. The lo uncertainties in the source density are shown as bars in the 
v-axis direction. The extent of the shaded regions correspond to the confusion limits assuming 3()-50 beams per source; the confusion limits are calculated assuming 
the 70% encircled-energy radii of the 1.5 keV (dark gray) and 4.5 keV (light gray) PSFs (see §4.3). Only one source per bin is detected at off-axis angles >13'. 
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Fig. A1 . — Comparison of the sources in the G02 WAVDETECT catalog and the main Chandra catalog presented here (A()3). The top and middle panels show 
the distribution of off-axis angle for the sources unique to each catalog. The absence of these sources in both catalogs is mainly due to the adopted source detection 
strategies. The bottom panel shows the offset in the source positions versus off-axis angle for the sources common to both catalogs. When perfomung source 
matching, we removed the source position offsets present in the G02 catalogs (— 1"2 in RA and 0"8 in Dec). 
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Fig. A2. — Histograms showing tlie distributions of X-ray-optical positional offset for the WAVDETECT sources with R<24 counterparts common to both studies. 
The dotted lines indicate the median positional offsets (0!'52 for G02 and 0"37 for A03). The dashed hne indicates the expected number of false matches; these are 
calculated for each positional offset bin using the R = 24 source density directly measured from the WFI observations. 
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Fig. A3. — Source count ratio (G02/A03) versus G02 source counts in tlie 0.5-2.0 keV (top) and 2-8 keV (bottom) bands for tlie WAVDETECT sources detected 
in both studies. Our source photometry (A03) is systematically higher than that of G02 by « 2% in the 0.5-2.0 keV band and « 3% in the 2—10 keV band. These 
increases are in good agreement with the photometiy-correction factor estimated by G02 for their sources (ss 4%). The few outliers (i.e., those sources with count 
ratio disagreements of >50%) are generally sources that lie in regions where the background estimation is problematic. 
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Fig. A4. — X-ray flux ratio (G02/A03) versus G02 X-ray flux in tlie 0.5-2.0 keV (top) and 2-8 keV (bottom) bands for the WAVDETECT sources detected in both 
studies. Our average X-ray fluxes (A03) are higher than those of G02 by 9% in the 0.5-2.0 keV band and 18% in the 2-8 keV band. There is some scatter, 
particularly in the 2-8 keV band, due to differences in the adopted spectral slopes. 



